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Aug 19, 2004 



DOCUMENT- IDENTIFIER: US 20040162309 Al 

TITLE: Methods and compositions related to IRM compounds and toll -like receptor 8 
Detail Description Paragraph : 

[0101] (b) bacterial diseases such as, for example, diseases resulting from 
infection by bacteria of, for example, the genus Escherichia, Enterobacter , 
Salmonella, Staphylococcus, Shigella, Listeria, Aerobacter, Helicobacter, 
Klebsiella, Proteus, Pseudomonas, Streptococcus, Chlamydia, Mycoplasma, 
Pneumococcus, Neisseria, Clostridium, Bacillus, Corynebacterium, Mycobacterium, 
Campylobacter, Vibrio, Serratia, Providencia, Chromobacterium, Brucella, Yersinia, 
Haemophilus, or Bordetella; 

CLAIMS : 

11. The method of claim 4 wherein administering the IRM compound modulates NF - 
. kappa. B activity, the production of at least one cytokine, the production of at 
least one co-stimulatory marker, the production of an intercellular adhesion 
molecules, the production of a maturation marker, or any combination thereof. 
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L8: Entry 3 of 30 File: PGPB Jul 29, 2004 



DOCUMENT- IDENTIFIER: US 20040146526 Al 
TITLE: Inhibition of NF-kappaB activation 



Abstract Paragraph : 

A H. pylori thioredoxin protein having a seq ID No. 1 is capable of inhibitin g the 
activation of NF- . kappa . B . The protein may be used in treating inflammation. 

Summary of Invention Paragraph : 

[0006] According to the invention there is provided a H. pylori protein or 
derivative or fragment or mutant or variant thereof capable of inhibiting the 
activation of NF- . kappa. K. 

Summary of Invention Paragraph : 

[0007] Preferably the protein is a thioredoxin or derivative or fragment or mutant 
or variant thereof . 

Summary of Invention Paragraph : 

[0009] The invention also provides a thioredoxin or derivative or fragment or mutant 
mutant or variant thereof containing the redox active peptide sequence CGPC capable 
of inhibiting the activation of NF- . kappa. B. 

Summary of Invention Paragraph : 

[0010] The invention further provides prokaryotic or eukaryotic thioredoxins having 
potent immune -suppressive effects. 

Summary of Invention Paragraph : 

[0011] The invention also provides polypeptides containing the redox active peptide 
sequence CGPC, capable of inhibiting the activation of NF- . kappa. B. 

Summary of Invention Paragraph : 

[0012] The invention also provides a H. pylori protein having the following amino 
acid sequence: 

Summary of Invention Paragraph : 

[0013] The invention further provides use of a H. pylori thioredoxin protein or 
derivative or fragment or variant thereof of the invention in a method for the 
prevention and/or treatment of inflammation, such as for the prevention and/or 
treatment of inflammatory bowel disease. 

Summary of Invention Paragraph : 

[0014] The invention also provides use of a H. pylori thioredoxin protein or 
derivative or fragment or variant thereof of the invention in a method for the 
prevention and/or treatment of rheumatoid/autoimmune arthritis, or other autoimmune 
diseases, asthma, septic shock, lung fibrosis, glomerulonephritis, atherosclerosis, 
autoimmune encephalomyelitis or any chronic disease wherein NF- . kappa. B is 
transcriptionally activated. 

Summary of Invention Paragraph : 

[0015] The invention also provides use of a H. pylori thioredoxin protein or 
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derivative or fragment or mutant thereof of the invention in blood transfusions and 
soft tissue injury. 

Summary of Invention Paragraph : 

[0016] The invention also provides a H. pylori thioredoxin protein or derivative or 
fragment or mutant thereof of the invention for use in the preparation of a 
medicament in the treatment and/or prophylaxis of any chronic disease wherein NF- 

. kappa. B is transcriptionally activated. 

Brief Description of Drawings Paragraph : 

[0019] FIG. 1 is an autoradiograph showing the results of an electrophoretic 
mobility shift assay (EMSA) showing the effect of H. pylori thioredoxin on 
constitutive NF-. kappa. B activity in AGS cells (an adenocarcinoma cell line); 

Brief Description of Drawings Paragraph : 

[002 0] FIG. 2 is an autoradiograph showing the results of an EMSA showing the time 
course of NF- . kappa. B inhibition upon treatment of AGS cells with H. pylori 
thiore doxin ; 



Brief Description of Drawings Paragraph : 

[0021] FIG. 3 is an autoradiograph showing the results of an EMSA showing the 
effects of H. pylori thioredoxin on H. pylori - induced NF- . kappa . B activation in AGS 
cells; 

Brief Description of Drawings Paragraph : 

[0022] FIG. 4 is an autoradiograph showing the results of an EMSA showing the 
effect of H. pylori thioredoxin on NF- . kappa. B activation by various stimuli; 

Brief Description of Drawings Paragraph : 

[0023] FIG. 5 is an autoradiograph showing the results of an EMSA showing the 
inhibition of H. pylori -induced NF- . kappa. B by H. pylori thioredoxin post 
stimulation with H. pylori ; and 

Brief Description of Drawings Paragraph : 

[0024] FIG. 6 is a SDS-PAGE gel showing the identification of AGS cell proteins 
reduced specifically by H. pylori thioredoxin . 

Brief Description of Drawings Paragraph : 

[0025] FIG. 7 is a FACscan analysis demonstrating the down- regulatory effect of 
thioredoxin on the surface expression of CD44 and ICAM-1 on AGS cells treated with 
or without H. pylori . 

Detail Description Paragraph : 

[0027] We have found a method for the prevention and reversal of NF- . kappa. B 
activation in mammalian cells by addition of effective inhibiting amounts of a H. 
pylori thioredoxin either alone or in combination with a thioredoxin reductase 
regenerating system. The H. pylori thioredoxin may be in the form of the whole 
recombinant protein or a fragment or derivative or mutant or variant thereof. 

Detail Description Paragraph : 

[0028] We have found that recombinant thioredoxin from the gastric pathogen H. 
p ylori is a potent inhibitor of NF- . kappa. B activation in vitro. When added 
exogenously to AGS cells (an adenocarcinoma cell line) in vitro, low doses of H. 
pylori thioredoxin (1-20 .mu.g/ml; 70 nM to 1.4 .mu.M) inhibit constitutive NF- 

. kappa. B activity. In addition, H. pylori thioredoxin completely abrogates the 
pronounced NF- . kappa. B activity observed in AGS cells when NF- . kappa. B DNA binding 
activity is activated by a variety of external stimuli including proinflammatory 
cytokines and phorbol esters. H. pylori Trx was found to prevent NF- . kappa. B 
activation both prior to stimulation (FIGS. 1 to 4) with inducers of NF-. kappa. B 
and secondary to induction of NF-. kappa. B (FIG. 5). Preliminary experiments (FIG. 
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6) indicate that H . pylori Trx interacts specifically with target proteins in AGS 
cells as demonstrated by the incorporation of the thiol -specif ic fluorescent probe, 
monobromobimane , into Trx-treated AGS cells. The precise mechanism of Trx-modulated 
NF- . kappa. B activity has yet to be fully elucidated. H. pylori thioredoxin also 
down-regulates the resting and inducible surface expression of CD44 and the 
adhesion molecule ICAM-1 (FIG. 7) 

Detail Description Paragraph : 

[0029] The ability of H. pylori thioredoxin to inhibit NF- . kappa . B activation in 
vitro suggest a potential therapeutic utility for thioredoxin as a novel approach 
for the treatment of patients with chronic inflammatory disease states such as 
autoimmunic arthritis, asthma, septic shock, lung fibrosis, glomerulonephritis, 
atherosclerosis, autoimmune encephalomyelitis, cystic fibrosis, rheumatoid 
arthritis, systemic inflammatory response syndrome and other NF- . kappa . B-mediated 
inflammatory disease states. 

Detail Description Paragraph : 

[0030] The present invention provides a protein, H. pylori thioredoxin , comprising 
a redox-active motif (CGPC) , (cysteine-glycine-proline-cyseine- ) , capable of 
inhibiting activation of the transcription factor NF- . kappa. B. 

Detail Description Paragraph : 

[0033] The present invention also includes within its scope peptides derived from 
H. pylori thioredoxin identified above where such derivatives have redox-activity or 
or where such derivatives inhibit NF- . kappa. B activation. These derivatives will 
normally be peptide fragments of the native protein which include the redox-active 
motif, but can also be functionally equivalent variants of the recombinant 
thioredoxin modified by well known techniques such as site-directed mutagenesis. For 
For example, it is possible by such techniques to substitute amino acids in a 
sequence with equivalent amino acids. Groups of amino acids known to be normally 
equivalent are: 

Detail Description Paragraph : 

[0034] Thioredoxin variants can be obtained by conventional gene engineering 
technology. For example, the amino acid sequence and base sequence of thioredoxin 
are known and described in numerous documents in the scientific literature. Based 
on the prior art documents, cDNA encoding natural thioredoxin can be obtained from 
an appropriate cDNA library. A variant can then be obtained by, for example, site- 
directed mutagenesis (9) . 

Detail Description Paragraph : 

[003 7] The thioredoxin of the invention may be produced by isolation from H. 
pylori , using conventional purification techniques. However, it is recognised that 
for production of the protein in commercial quantities, production by synthetic 
routes is desirable. Such routes include the stepwise solid phase approach and 
production using recombinant DNA techniques. The latter route is preferred. 

Detail Description Paragraph : 

[003 8] Stated generally, the production of thioredoxin by recombinant DNA 
techniques involves the transformation of a suitable host organism or cell with an 
expression vector including a DNA sequence coding for thioredoxin, followed by the 
culturing of the transformed host and subsequent recovery of the expressed 
thioredoxin . Such techniques are described generally in Sambrook et al . Molecular 
Cloning, 2nd edition, Cold Spring Harbour Press (1987) . 

Detail Description Paragraph : 

[003 9] The redox protein thioredoxin and the associated enzyme thioredoxin reductase 
reductase (TR) constitute a thiol -dependent reduction-oxidation system that can 
catalyse the reduction of certain proteins by NADPH (10) . 
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Detail Description Paragraph : 

[0040] In its primary aspect, the present invention is directed to the provision of 
thioredoxin which is protective against inflammation. Subjects which are susceptible 
susceptible to inflammation are mammals including humans. 

Detail Description Paragraph : 

[0041] The concentration of thioredoxin which can be used ranges from about 1 .mu.M 
to about 3 0 .mu.M. The optimal concentration for intact reduced H. pylori 
thioredoxin appears to be a least 10 .mu.M. 

Detail Description Paragraph : 

[0042] The thioredoxin compound may be orally administered to a patient requiring 
such treatment on a regular basis over an extended period of time. Alternatively, 
the compound may be administered directly to the localised site of inflammation. 

Detail Description Paragraph : 

[0043] It should be recognised that the precise level of thioredoxin can be readily 
ascertained by a person skilled in the art in light of the present invention. 

Detail Description Paragraph : 

[0044] Thioredoxin and thioredoxin derived derivatives, fragments or mutants thereof 
thereof may be administered directly, in the form of a formulation or any other 
pharmaceutically acceptable manner. Preferably such formulation includes an 
ingestable carrier which is a pharmaceutically acceptable carrier such as a 
capsule, tablet or powder. The formulation may also include a drug entity. 

Detail Description Paragraph : 

[0046] Materials and Methods Used in the Purification of Thioredoxin from H. pylori 
and Inhibition of NF- . kappa. B Activity. 

Detail Description Paragraph : 

[0047] Materials 2 1 , 5 1 -ADP-agarose , Cibacron Blue 3GA, iminodiacetic acid-Sepharose 
6B, . rho. -aminobenzamidine -agarose, DTT (1 , 4 -dithio-DL-threitol) , E. coli 
thioredoxin and anti-E. coli thioredoxin were obtained from Sigma Chemical Co. Ltd., 
Ltd., Poole, Dorset, U.K. Sephacryl S-300 was obtained from Pharmacia Biotech, 
Uppsala, Sweden. Isopropyl- .beta. -D-thiogalactoside, NADPH, NADP+, and NADH were 
obtained from Boehringer Mannheim, Bell Lane, Lewes, East Sussex, UK. DEAE-52 was 
purchased from Whatman (Maidstone, UK) . Factor Xa was purchased from New England 
Biolabs, Hertfordshire, U.K. All buffer reagents for SDS-PAGE were prepared in 
deionised water. The human gastric cancer cell line AGS and HuT 78, sezary lymphoma 
cells, were obtained from the European collection of Animal Cell Cultures (ECACC, 
Porton Down, Salisbury, UK) . RPMI 1640 medium, fetal calf serum, penicillin, 
streptomycin, L-glutamine, Hank's Balanced salt solution (HBSS) and trypsin were 
obtained from GIBC0 BRL, life technologies Renfrewshire, Pasiley, Scotland. NF- 

. kappa. B consensus oligonucleotide was from Promega, poly(dl-dC) was from 
Pharmacia, Biosystems, Milton Keynes, UK. [ . gamma . . sup . 32P] ATP (35 pmol, 3000 
Ci/mmol) was from Amersham International (Aylesbury, UK) . Bovine albumin, ammonium 
persulphate, Nonidet P-40, PMA, IL-1 and PMSF were obtained from Sigma (Poole, 
Dorset, UK and St. Louis, Mo., USA). All other chemicals were of analytical reagent 
grade . 

Detail Description Paragraph : 

[0050] Bacterial strain and growth conditions. The reference strains of H. pylori 
used in this study (NCTC 11638 and 11637) were obtained from the National 
Collection of Type Cultures, Public Health Laboratory, London, U.K. All components 
for H. pylori culture media were obtained from Oxoid, Unipath Ltd., Basingstoke, 
Hampshire, U.K. H. pylori was grown under microaerobic conditions (Oxoid 
Campylobacter system, 5% 0.sub.2, 10% CO. sub. 2) for 4 days on 7% lysed horse blood 
Columbia agar at 3 7. degree. C. Bacteria were harvested into RPMI medium without 
antibiotics and resuspended to yield a concentration of 6 . times . 10 . sup . 8 
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organisms/ml and used immediately. 
Detail Description Paragraph : 

[0051] Purification of thioredoxin reductase (TR) . Agar-grown H. pylori was 
suspended in buffer A (20 mM Tris-HCl, pH 7.5) and subjected to sonication 
(4. times. 1 min bursts) on ice using a Branson sonifier 450. After centrif ugation to 
remove intact cells and cellular debris (12, 000. times. g, 10 min, 4. degree. C.) the 
resulting supernatant was applied to a DEAE cellulose column (3 . 5 . times . 16 cm) 
equilibrated in buffer A. Thioredoxin reductase activity was eluted with a gradient 
(300 ml) of KC1 (0-0.35 M) in buffer A. Active fractions were pooled, dialyzed 
against buffer B (50 mM Tris-HCl, pH 7.5) and applied to a Cibacron Blue 3GA column 
(1. times. 3 cm). TR was eluted with a gradient of KCl (0-0.4 M) . Active fractions 
were pooled, dialyzed against buffer B and applied to a small 2 ' , 5 1 -ADP agarose 
column (1 ml). Thioredoxin reductase was eluted upon application of 0.2 M KCl. The 
ion exchange and dye affinity chromatography steps were performed at room 
temperature and the ADP-Sepharose step was done at 4. degree. C. 

Detail Description Paragraph : 

[0052] Gel filtration chromatography. A sonicate of H. pylori was prepared as 
described above and 0.5 ml (.about. 10 mg protein/ml) of the material was applied to 
a column (diameter 1.5 cm; height 29.7 cm) of Sephacryl S-3 00 superfine (Pharmacia) 
equilibrated with phosphate buffered saline (pH 7.5) containing NaN.sub.3 (0.02%, 
w/v) . The protein was eluted with this same buffer (8.5 cm/h) and the collected 
fractions were assayed for both TR activity and total protein. The column was first 
calibrated with proteins of known molecular size (Pharmacia). Gel filtration over, 
Sephadex G-50 (Pharmacia) was performed also in phosphate buffered saline (PBS) . 

Detail Description Paragraph : 

[0053] Measurement of thioredoxin reductase activity. Thioredoxin reductase activity 
activity was assayed at 25. degree. C. in 0.1 M potassium phosphate buffer (pH 7.5) 
containing EDTA (1 mM) , DTNB (5 mM) and NADPH (0.2 mM) in a final volume of 1.0 ml. 
The reaction was initiated by the addition of enzyme and the progress of the 
reaction was monitored by the increase in absorbance at 412 nm in a Pye Unicam 5 62 5 
spectrophotometer. One unit of enzyme activity is defined as the amount of enzyme 
required to oxidize one .mu.mol of NADPH per minute at 25. degree. C., pH 7.5. 
Activity was calculated as .mu.mol NADPH oxidized/min in accordance with the 
relationship . DELTA. A412/ (13 . 6 . times . 2) . Thioredoxin reductase activity was assayed 
also using a minor modification of the insulin reduction assay (12) . The reaction 
mixture consisted of 0 . 1 M potassium phosphate buffer (pH 7.0) containing EDTA (1 
mM) , insulin (0.1 mg/ml) , NADPH (0.2 mM) and H. pylori hist idine -tagged Trx 

(2 .mu.M) in a final volume of 1 ml . The reaction was initiated by the addition of 
the enzyme to the mixture at 25. degree. C. and the oxidation of NADPH was monitored 
at 340 nm. The amount of NADPH oxidized was determined from the 
relationship .DELTA. A340/6 . 2 . 

Detail Description Paragraph : 

[0054] Purification of native H. pylori Trx. Thioredoxin (Trx) was purified by a 
combination of ion exchange chromatography on DEAE cellulose and gel filtration 
over Sephadex G-50. Fractions containing Trx were identified using the 
spectrophotometric insulin reduction assay (12) . 

Detail Description Paragraph : 

[0055] Expression and purification of recombinant H. pylori Trx. Transf ormants of 
E. coli BL21 (DE3)pLysS with plasmid pET-16b (Novagen) containing the Trx gene (HP 
824) were grown at 37. degree. C. in LB broth supplemented with ampicillin 

(100 .mu.g/ml) and chloramphenicol (3 0 . mu.g/ml) . H. pylori Trx was expressed as an 
N- terminal decahistidine fusion protein in E. coli. The gene coding for Trx was 
amplified by PCR using Expand. TM. (Boehringer Mannheim) , using the amplification 
conditions recommended by the manufacturer. Under these conditions a single product 
was obtained and this was cloned into the expression plasmid via the BamHI and Ndel 
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restriction sites. The following primers were used: forward primer, 5'- 
CGCCATATGAGTCACTATATTGAATTAAC-3 ' ; reverse primer 5 1 - CGCGGATCCGCCTAAGAGTTTGTTCAATTG - 
3'. Overexpression of the fusion protein was induced by adding 1 mM isopropyl- 
. beta . -D-thiogalactoside at exponential phase and the incubation continued for 3 h 
at 37. degree. C. The induced cells were harvested by centrif ugation (10 , 000 . times .g, 
(10, 000. times. g, 15 min, 4. degree. C), washed once with 50 mM Tris HC1 (pH 7.5) and 
and subjected to sonication (3. times. 1 min) . The soluble fusion protein was purified 
purified to homogeneity by metal chelate chromatography on a Ni.sup.2+ column (3 ml) 
ml) according to the manufacturer's instructions. The protein was eluted with 0.4 M 
imidazole in 20 mM Tris HC1 (pH 7.5) containing 0.5 M NaCl . Typically, 2-3 mg of 
homogenous Trx/100 ml culture was obtained by this procedure. Both the histidine 
tagged fusion protein and the recombinant Trx obtained after cleavage of the 
histidine tail by Factor Xa were indistinguishable in their spectroscopic properties 
properties and redox behaviour. 

Detail Description Paragraph : 

[0056] Sequence analysis Multiple sequence alignments were made with the Clustal 
program. Amino-terminal sequence analysis of purified H. pylori Trx and TR was 
performed by Ms. Aine Healy at the National Food Biotechnology Centre, University 
College Cork using an Applied Biosystems automated sequencer. 

Detail Description Paragraph : 

[0058] Coculture of AGS cells with H. pylori and other stimuli Confluent AGS cells 
were cocultured with or without H. pylori (6 . times . 10 . sup . 8 cfu/ml) or exposed to 
the cytokines interleukin-lbeta (IL-1 .beta.) (10 ng/ml) and tumor necrosis factor- 
alpha (TNF- . alpha. ) (20 ng/ml) or the mitogen phorbol 13-myristate 12 -acetate (PMA) 

(20 ng/ml) . 

Detail Description Paragraph : 

[0061] Cell proliferation and toxicity assays AGS cells ( 1 . times . 10 . sup . 5 cells/ml) 
were cultured in 96-well plates in triplicate overnight at 37. degree. C. The cells 
were then incubated with or without thioredoxin for various periods of time, as 
indicated where appropriate, at 37. degree. C. To the cultured cells, 20 . mu.l of 
freshly prepared PMS/MTS solution was added to each well and the plates were 
incubated for 4 h at 3 7. degree. C. The absorbance of these wells was read at 4 90 nm 
using an ELISA plate reader. The average of the triplicate readings was taken for 
each sample. Under the experimental conditions and in the range of thioredoxin 
concentrations used, the cell viability was greater than 90%. 

Detail Description Paragraph : 

[0062] Flow cytometry analysis AGS cells were grown to confluence on 6 -well plates 
and then incubated with or without thioredoxin (10 .mu.g/ml) for 2 h at 3 7. degree. 
C. The cells were then stimulated with H. pylori for 24 h at 37. degree. C. The 
cells were washed with PBS and incubated for 30 min with antibodies to CD44 (L3D.1) 
and ICAM-1 at room temperature followed by washing and labelling with fluorescein 
isothiocynate (FITC) -conjugated rabbit F(ab).sub.2' anti-mouse IgG (Dakopotts, 
Glostrup, Denmark) . Samples were analysed by flow cytometry in a FAC scan (Becton 
Dickinson, Mountain View, Calif.). 

Detail Description Paragraph : 

[0063] The effect of thioredoxin on constitutive NF-. kappa. B in AGS cells was 
examined. AGS cells were treated as described above with different concentrations 
of Trx (0.1 g/ml, 1.0 .mu.g/ml, 10 .mu.g/ml, 2 0 .mu.g/ml and 5 0 .mu.g/ml) for 2 
hours. A positive control comprising HuT78 cells was used. Hut78 cells have high 
constitutive levels of NF- . kappa. B. The samples were analysed by EMSA and the 
results are shown in FIG. 1. Lane 1(C) represents a control of untreated resting 
AGS cells. The level of NF- . kappa. B activity decreases as the concentration of Trx 
increase to 20 .mu.g/ml. At 50 .mu.g Trx/ml NF- . kappa. B activity appears to 
increase. Using elevated extracellular amounts of thioredoxin was inimical to cell 
viability as judged by phase contrast microscopy and by staining cells with 
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ethidium bromide/acradine orange. The increase in NF- . kappa. B DNA-binding activity 
in this instance is likely due to stresses imposed on the cells as a consequence of 
exposure to elevated amounts (>2 0 .mu.g/ml) of thioredoxin . 

Detail Description Paragraph : 

[0064] The inhibition of NF- . kappa. B by Trx over time in AGS cells was examined by 
pre -incubating AGS cells as described above with Trx (10 .mu.g/ml) for different 
time period (0 mins, 15 mins, 3 0 mins, 60 mins , 12 0 mins and 240 mins) After 
treatment with Trx the cells were stimulated for 2 hrs with H. pylori 
(6 . times . 10 . sup . 8 cfU/ml) . Nuclear extracts were prepared and analysed for NF- 
. kappa. B DNA-binding activity by EMSA. The results are shown in FIG. 2 where it can 
be seen that AGS cells must be exposed to Trx for at least 3 0 min prior to 
stimulation with H. pylori to block H. pylori - induced NF-. kappa. B DNA-binding 
activity. Control untreated AGS cells are shown in lane 1 and H. pylori treated AGS 
cells are shown in lanes 2-7. 

Detail Description Paragraph : 

[0065] The dose -dependent effect of Trx on H. pylori - induced NF- . kappa. B activation 
is shown in FIG. 3. AGS cells were treated for 2 hrs with increasing amounts of Trx 

(0.1 .mu.g/ml, 0.5 .mu.g/ml, 1.0 .mu.g/ml, 5.0 .mu.g/ml, 10 .mu.g/ml and 
20 .mu.g/ml) . After treatment the cells were stimulated with H. pylori 

(6 . times . 10 . sup. 8 cfu/ml) for a further 2 hrs and nuclear extracts were prepared 
and NF-. kappa. B DNA-binding activity was analysed by EMSA. FIG. 3 shows that the 
DNA-binding activity of NF- . kappa. B decreased when the cells were pretreated with 
increasing amounts of Trx. Lane C shows the resting levels of NF- . kappa. B in 
untreated resting AGS cells. 

Detail Description Paragraph : 

[0066] The effect of thioredoxin on NF-. kappa. B DNA-binding activity in response to 
stimulation by cytokines and mitogens is shown in FIG. 4. AGS cells were pre- 
treated with Trx (10 ug/ml) for 2 hrs and then stimulated with TNF. alpha. (20 
ng/ml) , IL-I.beta. (10 ng/ml) or PMA (20 ng/ml) for an additional 2 hrs. Nuclear 
extracts were prepared and NF- . kappa . B -DNA-binding activity was analysed by EMSA. 

Detail Description Paragraph : 

[0068] The inhibition of H. pylori -induced NF- . kappa . B by Trx was examined with the 
results shown in FIG. 5. AGS cells were co-cultured with H. pylori 

(6. times. 10. sup. 8 cfu/ml) to induce NF-. kappa. B activation (lane H. pylori ) . 
Subsequent to the activation of NF- . kappa. B, exogenous Trx (10 .mu.g/ml or 
20 .mu.g/ml) was added to the stimulated cells (lanes+Trx (10) and +Trx (20), 
respectively) . Nuclear extracts were prepared as described above and analysed for 
NF-. kappa. B DNA-binding activity by EMSA. Control untreated AGS cells are shown in 
lane C. 

Detail Description Paragraph : 

[0069] FIG. 5 shows that the NF- . kappa. B DNA-binding activity in cells stimulated 
by H. pylori could be reversed by the subsequent addition of Trx. 

Detail Description Paragraph : 

[0071] The results indicate that H. pylori Trx interacts specifically with target 
proteins in AGS cells. 

Detail Description Paragraph : 

[0072] FIG. 7. Shows the effect of Trx on CD44 and ICAM-1 expression in AGS cells. 
Panels A-D show the results of FACScan analyses of AGS cells (5 . times . 10 . sup . 5 
cells/ml) treated with or without Trx (10 .mu.g/ml) for 24 hrs prior to staining 
with FITC-conjugated anti-CD44 mAb (L3D.1) (panels A, B) or anti-ICAM-1 (panels C, 
D) or FITC-labelled isotype matched control (anti-IE; unshaded peaks) . Panels E-H 
show the effect of Trx on H. pylori -induced CD44 and ICAM-1 expression on AGS cells, 
cells. AGS cells were pre-treated with Trx (10 .mu.g/ml) for 24 hrs prior to co- 
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incubation with H. pylori (8 . times . 10 . sup . 6 cfu/ml) for a further 24 hrs . Cells were 
were stained with the same antibodies described above. 

Detail Description Paragraph : 

[0073] The results show that transactivation of the NFkB responsive genes encoding 
CD44 and ICAM-1 is down-regulated by H. pylori Trx as is the inducible expression 
of these adhesion molecules. 

CLAIMS : 

1. AH. pylori protein or derivative or fragment or mutant or variant thereof 
capable of inhibiting the activation of NF- . kappa. B. 

2. A H. p ylori protein as claimed in claim 1 wherein the protein is a thioredoxin or 
or derivative or fragment or mutant or variant thereof. 

3. AH. pylori protein as claimed in claim 1 wherein the protein has the following 
amino acid sequence: 

5 MSHYIELTEE NFESTIKKGV ALVDFWAPWC GPCKMLSPVI DELASEYEGK AKICKVNTDE QEELSAKFGI 
RSIPTLLFTK DGEWHQLVG VQTKVALKEQ LNKLLG 

4 - A thioredoxin or derivative or fragment or mutant or variant thereof containing 
the redox active peptide sequence CGPC . 

5. Prokaryotic or eukaryotic thioredoxins having potent immune -suppressive effects. 



6. Polypeptides containing the redox active peptide sequence CGPC . 
7 ■ AH. pylori protein having the following amino acid sequence: 

6 MSHYIELTEE NFESTIKKGV ALVDFWAPWC GPCKMLSPVI DELASEYEGK AKICKVNTDE QEELSAKFGI 
RSIPTLLFTK DGEWHQLVG VQTKVALKEQ LNKLLG 

9. Use of a H. pylori thioredoxin protein or derivative or fragment or variant 
thereof as claimed in claim 1 in the prevention and/or treatment of inflammation. 

10. Use of a H. pylori thioredoxin protein or derivative or fragment or variant 
thereof as claimed in claim 9 in the prevention and/or treatment of inflammatory 
bowel disease. 

11. Use of a H. pylori thioredoxin protein or derivative or fragment or variant 
thereof as claimed in claim 9 in the prevention and/or treatment of 
rheumatoid/autoimmune arthritis. 

12. Use of a H. pylori thioredoxin protein or derivative or fragment or variant 
thereof as claimed in claim 9 in the prevention and/or treatment of any chronic 
disease wherein NF- . kappa. B is transcriptionally activated. 

14. Use of a H. pylori thioredoxin protein or derivative or fragment or mutant or 
variant thereof as claimed in any preceding claim in soft tissue injury. 

15. AH. pylori thioredoxin protein or derivative or fragment or mutant or variant 
thereof as claimed in claim 1 for use in the preparation of a medicament for the 
treatment and/or prophylaxis of any chronic disease wherein NF- . kappa. B is 
transcriptionally activated. 
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DOCUMENT- IDENTIFIER; US 20040138187 Al 
TITLE: Therapeutic treatment methods 



Summary of Invention Paragraph : 

[0406] Exemplary conditions where an immune imbalance or an excessive Thl immune 
response is involved include autoimmune diseases such as multiple sclerosis, 
Crohn's disease (regional enteritis), ulcerative colitis, inflammatory bowel 
disease, rheumatoid arthritis, reactive arthritis, acute allograft rejection, 
sarcoidosis, type 1 diabetes mellitus, Helicobacter pylori associated peptic ulcer, 
graft versus host disease and Hashimotos' thyroiditis. Because these conditions are 
associated with a similar type immune dysfunction, a F1C can be effectively used to 
prevent or treat these conditions or to treat or ameliorate one or more symptoms 
associated therewith. Thus, in some embodiments, an unwanted or excessive Thl 
response is present and amelioration of one or more symptoms associated with this 
condition is accomplished by administering an effective amount of a F1C according 
to the methods described herein, e.g., F1C is administered using a formulation and 
a route of administration essentially as described herein on an intermittent or a 
daily basis. In other embodiments, an deficient Thl response is enhanced, which is 
optionally observed as a detectable increase in one or more of IFN. gamma., IL-2, 
IL-12 or IL-18 in Thl cells or in accessory cells such as a dendritic cell or 
macrophage. In all of the conditions where an insufficient or excess Thl, Th2 , Tel 
or Tc2 response is present, amelioration of one or more symptoms associated with 
the condition is accomplished by administering an effective amount of a F1C 
according to the methods described herein. 

Summary of Invention Paragraph : 

[0467] In some of these embodimants, the subject's hyperprolif eration or malignant 
condition may be associated with or caused by one or more pathogens. Such 
conditions include hepatocellular carcinoma associated with HCV or HBV, Kaposi's 
sarcoma associated with HIV-1 or HIV- 2, T cell leukemia associated with HTLV I, 
Burkitt's lymphoma associated with Epstein-Barr virus or papillomas or carcinoma 
associated with papilloma viruses (e.g., human HPV 6, HPV 11, HPV 16, HPV 18, HPV 
31, HPV 45) or gastric adenocarcinoma, gastric MALT lymphoma or gastric 
inflammation associated with Helicobacter pylori, lactobacillus , enterobacter , 
staphylococcus or propionibacteria infection. 

Summary of Invention Paragraph : 

[04 93] A F1C can be used to inhibit or ameliorate one or more inappropriate immune 
responses or their symptoms in autoimmunity, inflammation, allergy or related 
conditions. The effects of the FICs include detectably ameliorating one or more of 

(1) the proliferation, differentiation or chemotaxis of T cells, (2) reducing 
unwanted cytotoxic T cell responses, (3) reducing unwanted autoantibody or other 
antibody synthesis, e.g., an unwanted IgA, IgE, IgG or IgM, in allergy, asthma or 
another autoimmune or inflammation condition, (4) inhibiting the development, 
proliferation or unwanted activity of autoreactive T or B cells, (5) altering the 
expression of one or more cytokines, interleukins or cell surface antigens, e.g., a 
cytokine, interleukin or cell surface antigen described herein (decreasing IL-8 in 
an autoimmune condition, decreasing the level of acute phase proteins such as C 
reactive protein or fibrinogen in inflammation conditions, (6) decreasing 
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eosinophilia in allergy conditions, (7) detectably decreasing the level or activity 
of one or more of ICAM-1, IL-1. alpha., IL-1. beta., TNF. alpha., IL-6 or IL-8 in, 
e.g., inflammation conditions or in autoimmune conditions such as an arthritis or a 
myocarditis condition such as osteoarthritis, rheumatoid arthritis, toxic 
myocarditis, indurative myocarditis or idiopathic myocarditis, (8) decreasing the 
level or biological activity of one or more of anti-islet antibody, TNF, IFN- 
. gamma., IL-1, an arthritis symptom(s), nephritis, skin rash, photosensitivity, 
headache frequency or pain, migraine frequency or pain, abdominal pain, nausea or 
anti-DNA antibodies in , e.g., insulin dependent diabetes mellitus or an autoimmune 
or inflammation condition such as systemic lupus erythematosus, rheumatoid arthritis 
arthritis or Crohn's disease, (9) reducing induction of arachidonic acid metabolism 
or reducing eicosanoid metabolites such as thromboxanes or prostaglandins in, e.g., 
inflammation, asthma or allergy, (10) reducing IL-4, IL-8 or IL-10 synthesis, levels 
levels or activity in, e.g., allergy or inflammation such as idiopathic pulmonary 
fibrosis or allergic asthma or (11) reducing or interfering with neutrophil 
chemotaxis by, e.g., reducing thioredoxin release from affected cells in conditions 
such as cancer, infections, inflammation or autoimmunity. 

Summary of Invention Paragraph : 

[0578] An aspect of F1C biological activity is their capacity to modulate the 
opacity of cells or tissues described herein to express one or more enzymes that 
mediate phase 11 detoxification and reduction of damaging or reactive species such 
as xenobiotics, including electrophiles and chemical carcinogens, and superoxide 
radicals or hydrogen peroxide. Modulation of these genes is mediated by one or more 
transcription factors or complexes of factors that include bZip transcription 
factors such as Nrf2 (NF-E2 related factor 2, Unigene symbol Nfe2L2) and Maf 
proteins such as MafG, MafK or MafF. These factors bind to cis-elements such as 
EpRE (electrophile response element) or ARE (antioxident response element) . EpRE 
and/or ARE elements present in the promoters of phase II detoxification enzymes 
including NAD (P) H : quinine oxidoreductase- 1 (NQ01) and glutathione-S-transf erase 
(GST) as well as cellular defensive enzymes such as thioredoxins , heme oxygenase 1 
(HO 1, or HMOX1) , the catalytic and regulatory subunit . gamma . -glutamylcycteine 
syhthetase (. gamma. GCS or GCLM) and and xCT (SLC7A11) , a subunit of the 
cystine/glutamate exchange transporter. EpRE and ARE mediate upregulation of these 
genes following exposure of the cells to many xenobiotics. In situations where 
enhanced expression of these genes or transcription factors is desirable, the F1C 
upregulate the activity or levels of one or more of these factors and/or enzymes. 

Summary of Invention Paragraph : 

[0579] Thus, in some embodiments the F1C are used to modulate the level or activity 
of one or more of Nrf2, a thioredoxin, NQOl, GST, HO 1, the catalytic subunit 
of .gamma. GCS, the regulatory subunit of .gamma. GCS and xCT in cells or tissues 
that are exposed to a F1C. In some embodiments, the cells or tissues are treated 
with a F1C when an unwanted acute or chronic condition such as toxin exposure or 
elevated oxidative stress is present in the cells or tissues. Such conditions can 
occur, e.g., as described elsewhere herein, including in acute or chronic 
pathological inflammation conditions, acute or chronic infections and trauma 
conditions. The effect of the FICs is restoration of normal expression or 
establishment of desired levels of expression of one or more of these transcription 
factors or enzymes, e.g., decreased expression in situations where chronic over- 
expression occurs. Thus, the F1C can be used to modulate these or other genes 
described herein, e.g., to decrease expression or mRNA levels or protein levels of 
one or more of these or other genes in clinical conditions where excess or unwanted 
expression or levels of the gene is associated with establishment, maintenance, 
severity or progression of the clinical condition resulting in clincal improvement 
in the disease or an unwanted symptom. 

Summary of Invention Paragraph : 

[0753] 123. The method of embodiment 122 wherein the compound modulates the level 
or activity of a transcription factor or enzyme selected from one or more of Nrf2, 
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a Maf protein, a thioredoxin, NQOl, GST, HO 1, SOD2 , the catalytic subunit 
of .gamma. GCS, the regulatory subunit of . gamma. GCS and xCT. 

Summary of Invention Paragraph : 

[0756] 126. The method of embodiment 122, 123, 124 or 125 wherein the levels or 
activity of one, two or more of Nrf2, a Maf protein, a thioredoxin, NQOl, GST, HO 
1, the catalytic subunit of .gamma. GCS, the regulatory subunit of .gamma. GCS and 
xCT is increased. 

Detail Description Paragraph : 

[0850] Exemplary genes of interest that can be analyzed by this or a similar 
protocol include 1, 2, 3, 4, 5, 6 or more of iNOS (inducible nitric oxide 
synthase), eNOS (constitutive nitric oxide synthase), COX-2 (cycloxygenase-2 , PGE2 
synthase), I . kappa . B .beta . , TNF. alpha., IL-l.beta., IL-IRa (interleukin 1 receptor 
antagonist), NF. kappa. Bl (pl05) , NF. kappa. B2 (p49/pl00) , IL-6, MCP-1 (monocyte 
chemoattractant prtein-1 or CCL2 ) , MIP-2 (macrophage inflammatory protein-2), MMP9 

(matrix metalloproteinase 9), gelatinase B, HO-1 (heme oxygenase 1), HIF1. alpha. 

(hypoxia inducible factor 1, alpha subunit) , GCLC (gamma glutamylcycteine 
synthetase catalytic (heavy) subunit or . gamma. GCS - hs ) , GCLM (gamma 
glutamylcycteine synthetase modifier (light) subunit or . gamma . GCS -Is) , xCT 

(cystine/glutamate exchange transporter), NQOl (NAD(P)H: quinone oxidoreductase 1) , 
TXNRD1 ( thioredoxin reduatase 1) , EBBP (estrogen responsive B-box protein) , CYP1A1 

(cytochrome P450) , CD36 (SR-B) , SR-A (scavenger receptor A or Msrl) , ABCA1 (ATP- 
binding cassette transporter Al) , ABCG1 (ATP-binding cassette transporter Gl) , LDLR 

(low-density lipoprotein receptor), NR1H3 (nuclear receptor 1 H3 or LXR. alpha.), 
NR1C3 (nuclear receptor 1C3 or P PAR . gamma .) , SCD-1 (stearoyl-CoA desaturase 1) and 
NR4A1 (nuclear receptor 4A1 or Nur77) . F1C that can be characterized in this manner 
include the FICs in the compound groups described above, e.g., one or more of 

16. alpha. -bromoepiandrosterone, 3 .beta. , 16. alpha. -dihydroxyandrostane-17 - - one, 
3. beta. ,16. alpha. ,17. beta. -trihydroxyandrostane, 3. alpha. ,16. alpha. ,17. beta. - 
trihydroxyandrostane, 3 .beta. , 17 .beta. -dihydr- oxy-16 . alpha . -f luoroandrost-5 -ene, 
3 .beta. , 17 .beta. -dihydroxy- 16 . alpha . -f 1- uoroandrost-1 , 5 -diene , 3 .beta. - hydroxy - 

17 . beta. -aminoandrost-5-ene, 3 .beta. , 7 .beta. -dihydroxy- 17 .beta . -aminoandrost-5 -ene , 
3 .beta. -hydroxy- 7 -oxo- 17 .beta. -aminoandrost-5 -ene, 3 . alpha . -hydroxy- 17 . beta . - 
aminoandrost-5 -ene, 3 .beta. -hydroxy- 17 .beta . -am- inoandrost -1 , 5 -ene, 3 .alpha. - 
hydroxy- 17 .beta. -aminoandrost-1, 5-diene, 3 .beta. -hydroxy- 16 . alpha . -f luoro-17 .beta. - 
aminoandrost-5 -ene or 3. beta. -hydroxy- 16 . alpha . -f luoro-17 . beta . -aminoandrost- 1 , 5 - 
diene. 

CLAIMS : 

27. A method to modulate the expression in a cell of the level of or an activity of 
1, 2, 3, 4, 5, 6, 7, 8, 9, 10 or more gene products or gene transcripts in the 
cell, comprising contacting an effective amount of the compound with the cell under 
suitable conditions and for a sufficient time to detectably modulate the activity 
or level of the genes, or gene products in the cell, wherein the compound is a 
compound of any of embodiments 1-9 and the gene products or gene transcripts are 
selected from USF1, c-Fos, EGR1, Cull, RIPK2, I. kappa. Ba, I.kappa.BKb, NF- . kappa. Bl 
p50, FCAR, c-Fos/C/EBP.beta. , RANTES, ICAM1, TSG (TNFAIP6) , IL-2 receptor .alpha., 
GR02, GR03, HOI, Jun B, c-Fos/JunB complex, JunB/ ATF3 complex, c-Jun, c-Fos/c-Jun 
complex, ATF-3, MMP1, TSG-6 (TNFAIP3), AP-1, EGR1 , TGF.beta., ATF-3/c-Jun complex, 
c-Fos, MMP3, IL-8, STAT5A, STAT5B, CDKN1A, IFN. gamma, receptor 2 (IFN . gamma . R2 ) , T- 
bet, C reactive protein, immunoglobulin E, an AP-lfamily protein, GATA-3, Jak2 , 
Tyk2, statl, stat3 , stat4, stat5, stat6, MIP-1 . alpha . , MIP-2, IP-10, MCP-1, TNF- 
. alpha., TNF-.beta., LT-.beta., IFN- . alpha., IFN-.beta., TGF-.beta.l, NF- . kappa. B, 
IL-1. alpha., IL-l.beta., IL-4, IL-6, IL-10, IL-12 receptor .beta.l, IL-12p35, IL- 
12p40, IL-23, IL-23 receptor, Nrf 2 , a Maf protein, a thioredoxin, NQOl, GST, HO 1, 
SOD2, the catalytic subunit of .gamma. GCS, the regulatory subunit of .gamma. GCS and 
xCT . 
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DOCUMENT- IDENTIFIER: US 20040086896 Al 

TITLE: Polynucleotides and polypeptides associated with the NF-kB pathway 



Abstract Paragraph : 

The present invention provides polynucleotides encoding NF-kB -associated 
polypeptides, fragments and homologues thereof. Also provided are vectors, host 
cells, antibodies, and recombinant and synthetic methods for producing said 
polypeptides. The invention further relates to diagnostic and therapeutic methods 
for applying these NF-kB-associated polypeptides to the diagnosis, treatment, and/or 
and/or prevention of various diseases and/or disorders related to these 
polypeptides. The invention further relates to screening methods for identifying 
agonists and antagonists of the polynucleotides and polypeptides of the present 
invention. 

Detail Description Paragraph : 

[0794] Additional post -translational modifications encompassed by the invention 
include, for example, e.g., N-linked or O-linked carbohydrate chains, processing of 
N- terminal or C- terminal ends) , attachment of chemical moieties to the amino acid 
backbone, chemical modifications of N-linked or O-linked carbohydrate chains, and 
addition or deletion of an N-terminal methionine residue as a result of prokaryotic 
host cell expression. The polypeptides may also be modified with a detectable 
label, such as an enzymatic, fluorescent, isotopic or affinity label to allow for 
detection and isolation of the protein, the addition of epitope tagged peptide 
fragments (e.g., FLAG, HA, GST, thioredoxin, maltose binding protein, etc.), 
attachment of affinity tags such as biotin and/or streptavidin, the covalent 
attachment of chemical moieties to the amino acid backbone, N- or C-terminal 
processing of the polypeptides ends (e.g., proteolytic processing), deletion of the 
N-terminal methionine residue, etc. 

Detail Description Paragraph : 

[0915] Polypeptides, including protein fusions, of the present invention, or 
fragments thereof may be useful in inhibiting proliferative cells or tissues 
through the induction of apoptosis. Said polypeptides may act either directly, or 
indirectly to induce apoptosis of proliferative cells and tissues, for example in 
the activation of a death-domain receptor, such as tumor necrosis factor (TNF) 
receptor-1, CD95 (Fas/APO-1) , TNF-receptor-related apoptosis -mediated protein 

(TRAMP) and TNF-related apoptosis -inducing ligand (TRAIL) receptor-1 and -2 (See 
Schulze-Osthof f K, et al . , Eur J Biochem 254 (3 ): 439-59 (1998), which is hereby 
incorporated by reference) . Moreover, in another preferred embodiment of the 
present invention, said polypeptides may induce apoptosis through other mechanisms, 
such as in the activation of other proteins which will activate apoptosis, or 
through stimulating the expression of said proteins, either alone or in combination 
with small molecule drugs or adjuvants, such as apoptonin, galectins, thioredoxins , 
antiinflammatory proteins (See for example, Mutat . Res. 400 (1-2 ): 447-55 (1998), Med 
Hypotheses. 50 (5) :423-33 (1998), Chem. Biol. Interact. April 24;1 11-112:23-34 

(1998), J Mol Med. 76(6) :402-12 (1998), Int. J. Tissue React. 20(1):3-15 (1998), 
which are all hereby incorporated by reference) . 

Detail Description Paragraph : 
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[0948] Similarly, bacterial or fungal agents that can cause disease or symptoms and 
that can be treated, prevented, and/or diagnosed by a polynucleotide or polypeptide 
and/or agonist or antagonist of the present invention include, but not limited to, 
include, but not limited to, the following Gram-Negative and Gram-positive bacteria 
and bacterial families and fungi: Actinomycetales (e.g., Corynebacterium, 
Mycobacterium, Norcardia) , Cryptococcus neoformans, Aspergillosis, Bacillaceae 

(e.g., Anthrax, Clostridium), Bacteroidaceae , Blastomycosis, Bordetella, Borrelia 

(e.g., Borrelia burgdorferi), Brucellosis, Candidiasis, Campylobacter, 
Coccidioidomycosis, Cryptococcosis, Dermatocycoses , E. coli (e.g., Enterotoxigenic 
E. coli and Enterohemorrhagic E. coli), Enterobacteriaceae (Klebsiella, Salmonella 

(e.g., Salmonella typhi, and Salmonella paratyphi), Serratia, Yersinia), 
Erysipelothrix, Helicobacter, Legionellosis , Leptospirosis, Listeria, 
Mycoplasmatales , Mycobacterium leprae, Vibrio cholerae, Neisseriaceae (e.g., 
Acinetobacter, Gonorrhea, Menigococcal ) , Meisseria meningitidis, Pasteurellacea 
Infections (e.g., Actinobacillus , Heamophilus (e.g., Heamophilus influenza type B) , 
Pasteurella) , Pseudomonas, Rickettsiaceae , Chlamydiaceae , Syphilis, Shigella spp . , 
Staphylococcal, Meningiococcal , Pneumococcal and Streptococcal (e.g., Streptococcus 
pneumoniae and Group B Streptococcus) . These bacterial or fungal families can cause 
the following diseases or symptoms, including, but not limited to: bacteremia, 
endocarditis, eye infections (conjunctivitis, tuberculosis, uveitis), gingivitis, 
opportunistic infections (e.g., AIDS related infections), paronychia, prosthesis- 
related infections, Reiter's Disease, respiratory tract infections, such as 
Whooping Cough or Empyema, sepsis, Lyme Disease, Cat-Scratch Disease, Dysentery, 
Paratyphoid Fever, food poisoning, Typhoid, pneumonia, Gonorrhea, meningitis (e.g., 
mengitis types A and B) , Chlamydia, Syphilis, Diphtheria, Leprosy, 
Paratuberculosis , Tuberculosis, Lupus, Botulism, gangrene, tetanus, impetigo, 
Rheumatic Fever, Scarlet Fever, sexually transmitted diseases, skin diseases (e.g., 
cellulitis, dermatocycoses), toxemia, urinary tract infections, wound infections. 
Polynucleotides or polypeptides, agonists or antagonists of the invention, can be 
used to treat, prevent, and/or diagnose any of these symptoms or diseases. In 
specific embodiments, polynucleotides, polypeptides, agonists or antagonists of the 
invention are used to treat, prevent, and/or diagnose: tetanus, Diptheria, 
botulism, and/or meningitis type B. 
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DOCUMENT- IDENTIFIER: US 20030224458 Al 

TITLE: Novel human G-protein coupled receptor, HGPRBMY23, expressed highly in kidney 
kidney 



Detail Description Paragraph : 

[04 82] Additional post- translational modifications encompassed by the invention 
include, for example, e.g., N-linked or O-linked carbohydrate chains, processing of 
N- terminal or C-terminal ends) , attachment of chemical moieties to the amino acid 
backbone, chemical modifications of N-linked or 0- linked carbohydrate chains, and 
addition or deletion of an N-terminal methionine residue as a result of prokaryotic 
host cell expression. The polypeptides may also be modified with a detectable 
label, such as an enzymatic, fluorescent, isotopic or affinity label to allow for 
detection and isolation of the protein, the addition of epitope tagged peptide 
fragments (e.g., FLAG, HA, GST, thioredoxin, maltose binding protein, etc.), 
attachment of affinity tags such as biotin and/or streptavidin, the covalent 
attachment of chemical moieties to the amino acid backbone, N- or C-terminal 
processing of the polypeptides ends (e.g., proteolytic processing), deletion of the 
N-terminal methionine residue, etc. 

Detail Description Paragraph : 

[0603] Polypeptides, including protein fusions, of the present invention, or 
fragments thereof may be useful in inhibiting proliferative cells or tissues 
through the induction of apoptosis. Said polypeptides may act either directly, or 
indirectly to induce apoptosis of proliferative cells and tissues, for example in 
the activation of a death-domain receptor, such as tumor necrosis factor (TNF) 
receptor- 1 # CD95 (Fas/APO-1) , TNF-receptor-related apoptosis -mediated protein 

(TRAMP) and TNF-related apoptosis- inducing ligand (TRAIL) receptor-1 and -2 (See 
Schulze-Osthof f K, et al . , Eur J Biochem 254 (3 ): 439-59 (1998), which is hereby 
incorporated by reference) . Moreover, in another preferred embodiment of the 
present invention, said polypeptides may induce apoptosis through other mechanisms, 
such as in the activation of other proteins which will activate apoptosis, or 
through stimulating the expression of said proteins, either alone or in combination 
with small molecule drugs or adjuvants, such as apoptonin, galectins, thioredoxins , 
antiinflammatory proteins (See for example, Mutat . Res. 400 (1-2) :447-55 (1998), Med 
Hypotheses. 50 (5) :423-33 (1998), Chem. Biol. Interact. Apr 24 ; 111-112 : 23 -34 (1998), 
J Mol Med. 76(6):402-12 (1998), Int. J. Tissue React. 20(1):3-15 (1998), which are 
all hereby incorporated by reference) . 

Detail Description Paragraph : 

[0620] Similarly, bacterial or fungal agents that can cause disease or symptoms and 
that can be treated, prevented, and/or diagnosed by a polynucleotide or polypeptide 
and/or agonist or antagonist of the present invention include, but not limited to, 
include, but not limited to, the following Gram-Negative and Gram-positive bacteria 
and bacterial families and fungi: Actinomycetales (e.g., Corynebacterium, 
Mycobacterium, Norcardia) , Cryptococcus neoformans, Aspergillosis, Bacillaceae 
(e.g., Anthrax, Clostridium), Bacteroidaceae , Blastomycosis, Bordetella, Borrelia 
(e.g., Borrelia burgdorferi), Brucellosis, Candidiasis, Campylobacter, 
Coccidioidomycosis, Cryptococcosis, Dermatocycoses , E. coli (e.g., Enterotoxigenic 
E. coli and Enterohemorrhagic E. coli), Enterobacteriaceae (Klebsiella, Salmonella 
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(e.g., Salmonella typhi, and Salmonella paratyphi), Serratia, Yersinia), 
Erysipelothrix, Helicobacter, Legionellosis , Leptospirosis, Listeria, 
Mycoplasmatales , Mycobacterium leprae, Vibrio cholerae, Neisseriaceae (e.g., 
Acinetobacter, Gonorrhea, Menigococcal) , Meisseria meningitidis, Pasteurellacea 
Infections (e.g., Actinobacillus , Heamophilus (e.g., Heamophilus influenza type B) , 
Pasteurella) , Pseudomonas, Rickettsiaceae, Chlamydiaceae , Syphilis, Shigella spp . , 
Staphylococcal, Meningococcal , Pneumococcal and Streptococcal (e.g., Streptococcus 
pneumoniae and Group B Streptococcus) . These bacterial or fungal families can cause 
the following diseases or symptoms, including, but not limited to: bacteremia, 
endocarditis, eye infections (conjunctivitis, tuberculosis, uveitis), gingivitis, 
opportunistic infections (e.g., AIDS related infections), paronychia, prosthesis- 
related infections, Reiter's Disease, respiratory tract infections, such as 
Whooping Cough or Empyema, sepsis, Lyme Disease, Cat-Scratch Disease, Dysentery, 
Paratyphoid Fever, food poisoning, Typhoid, pneumonia, Gonorrhea, meningitis (e.g., 
mengitis types A and B) , Chlamydia, Syphilis, Diphtheria, Leprosy, 
Paratuberculosis, Tuberculosis, Lupus, Botulism, gangrene, tetanus, impetigo, 
Rheumatic Fever, Scarlet Fever, sexually transmitted diseases, skin diseases (e.g., 
cellulitis, dermatocycoses) , toxemia, urinary tract infections, wound infections. 
Polynucleotides or polypeptides, agonists or antagonists of the invention, can be 
used to treat, prevent, and/or diagnose any of these symptoms or diseases. In 
specific embodiments, polynucleotides, polypeptides, agonists or antagonists of the 
invention are used to treat, prevent, and/or diagnose: tetanus, Diptheria, 
botulism, and/or meningitis type B. 

CLAIMS : 

17. A method for treating, or ameliorating a medical condition with the polypeptide 
provided as SEQ ID NO : 2 , or a modulator thereof, wherein the medical condition is a 
member of the group consisting of: a disorder related to aberrant NF-kB activity ,- 
disorders related to aberrant IkBa expression or activity; a disorder linked to 
aberrant DNA synthesis; a disorder related to aberrant purinergic receptor activity 
or expression; a renal disorder; an inflammatory disorder; an inflammatory disease 
where purinergic receptors, either directly or indirectly, are involved in disease 
progression; a neural disorder; a pulmonary disorder; disorders related to aberrant 
signal transduction; proliferative disorder of the colon; colon cancer; colon 
adenocarcinoma; disorders associated with the immune respone to tumors, 
particularly the response of neutrophils and/or macrophages; proliferative disorder 
of the breast; breast cancer; other proliferative diseases and/or disorders; female 
reproductive disorders; a metabolic disorders; a thyroid disorder; a disorder 
wherein increased NFkB expression or activity would be therapeutically beneficial; 
a disorder wherein decreased NFkB expression or activity would be therapeutically 
beneficial; a disorder wherein increased IkB expression or activity would be 
therapeutically beneficial; a disorder wherein decreased IkB expression or activity 
would be therapeutically beneficial; a disorder wherein increased apoptosis would 
be therapeutically beneficial; a disorder wherein decreased apoptosis would be 
therapeutically beneficial; healing disorder; and necrosis disorder. 
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L8 : Entry 10 of 30 



File: PGPB 



Sep 4, 2003 



DOCUMENT- IDENTIFIER: US 20030166192 Al 

TITLE: Inhibition of interleukin- 1-beta secretion by card proteins 
Detail Description Paragraph : 

[0147] The polypeptides that Pseudo-ICE or ICE-Like polypeptides or functional 
fragments thereof fused to can be full-length proteins or polypeptide fragments. 
Proteins commonly used in fusion protein construction include .beta . -galactosidase , 
.beta. -glucuronidase, green fluorescent protein (GFP) , autof luorescent proteins, 
including blue fluorescent protein (BFP) , glutathione-S-transf erase (GST) , 
lucif erase, horseradish peroxidase (HRP) , and chloramphenicol acetyltransf erase 
(CAT) . Additionally, epitope tags can be used in fusion protein constructions, 
including histidine (His) tags, FLAG tags, influenza hemagglutinin (HA) tags, Myc 
tags, VSV-G tags, and thioredoxin (Trx) tags. Other fusion constructions can include 
include maltose binding protein (MBP) , S-tag, Lex a DNA binding domain (DBD) 
fusions, GAL 4 DNA binding domain fusions, and herpes simplex virus (HSV) BP16 
protein fusions. 



I. An isolated nucleic acid molecule comprising a nucleic acid sequence encoding a 
Pseudo-ICE having at least 80% amino acid identity to SEQ ID NO: 1, an immunogenic 
fragment of the Pseudo-ICE, or a functional fragment of the Pseudo-ICE that has an 
activity selected from: specific binding to pro-caspase-1 , specific binding to 
RICK, inhibiting induced IL-l.beta. secretion, and stimulating NF- . kappa. B 
activation. 

II, An isolated polypeptide comprising a Pseudo-ICE having at least 80% amino acid 
identity to SEQ ID NO: 1, an immunogenic fragment of the Pseudo-ICE, or a 
functional fragment of the Pseudo-ICE that has an activity selected from: specific 
binding to pro-caspase-1, specific binding to RICK, inhibiting induced IL-l.beta. 
secretion, and stimulating NF- . kappa . B activation. 

13. An isolated polypeptide encoded by a nucleotide sequence at least 98% identical 
to SEQ ID NO: 2 and having an activity selected from: specific binding to pro- 
caspase-1, specific binding to RICK, inhibiting induced IL-l.beta. secretion, and 
stimulating NF- . kappa. B activation. 

16. A method of transforming or transfecting a cell with a nucleic acid molecule 
encoding a Pseudo-ICE that has at least 80% amino acid identity to SEQ ID NO: 1 or 
a functional fragment of the Pseudo-ICE that has an activity selected from: 
specific binding to pro-caspase-1, specific binding to RICK, inhibiting induced IL- 
l.beta. secretion, and stimulating NF- . kappa . B activation, comprising contacting the 
the cell with a vector comprising the nucleic acid molecule under the control of a 
promoter . 

43. A method of stimulating the activation of an NF-kB comprising contacting a cell 
expressing the NF-kB with a composition comprising the isolated polypeptide of claim 
claim 11 or claim 12 under conditions and for a time sufficient to permit the 
inhibition of the activation of the NF-kB. 



CLAIMS : 
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44. A method of stimulating the activation of an NF-kB comprising contacting a cell 
expressing the NF-kB with a composition comprising the isolated nucleic acid 
molecule of any one of claims 1-3 under conditions and for a time sufficient to 
permit the inhibition of the activation of the NF-kB . 

45. A method of inhibiting the activation of an NF-kB comprising contacting a cell 
expressing the NF-kB a composition comprising a polypeptide that specifically binds 
to the isolated polypeptide of claim 11 or claim 12 under conditions and for a time 
sufficient to permit the stimulation of the activation of the NF-kB . 

47. A method of inhibiting the activation of an NF-kB comprising contacting a cell 
expressing the NF-kB a composition comprising an antisense or ribozyme construct of 
the isolated nucleic acid molecule of any one of claims 1-3 under conditions and 
for a time sufficient to permit the stimulation of the activation of the NF-kB. 

48. A method of identifying inhibitors or enhancers of Pseudo-ICE mediated NF-kB 
activation, comprising: a. contacting a cell transfected with an expression vector 
encoding Pseudo-ICE having at least 80% amino acid identity to SEQ ID NO: 1 or a 
functional fragment of the Pseudo-ICE capable of stimulating NF- . kappa. B activation 
with a candidate inhibitor or enhancer; and b. detecting an increase or decrease in 
NF-kB activation in the presence of the candidate inhibitor or enhancer, wherein a 
decrease in NF-kB activation indicates the presence of an inhibitor and an increase 
in NF-kB indicates the presence of an enhancer. 

50. A method of identifying a polypeptide that specifically binds to a Pseudo-ICE 
having at least 80% amino acid identity to SEQ ID NO: 1 or a functional fragment of 
the Pseudo-ICE that has an activity selected from: specific binding to pro-caspase- 
1, specific binding to RICK, inhibiting induced IL-l.beta. secretion, and 
stimulating NF- . kappa. B activation, comprising: a. contacting a sample with the 
Pseudo-ICE or the functional fragment under conditions that permit the formation of 
a complex between the Pseudo-ICE or the functional fragment thereof and the 
polypeptide; and b. detecting the complex and polypeptide in the complex. 

56. A nucleic acid molecule comprising a first nucleic acid sequence encoding a 
Pseudo-ICE having at least 80% identity to SEQ ID NO: 1 or a finctional fragment of 
the Pseudo-ICE that has an activity selected from: specific binding to pro-caspase- 
1, specific binding to RICK, inhibiting induced IL-l.beta. secretion, and 
stimulating NF- . kappa. B activation and a second nucleic acid sequence encoding the 
transcription activation domain or the DNA-binding domain of a transcription 
factor. 

57. A method for identifying a polypeptide that specifically binds to a Pseudo-ICE 
having at least 80% amino acid identity to SEQ ID NO: 1 or a functional fragment of 
the Pseudo-ICE that has an activity selected from: specific binding to pro-caspase- 
1, specific binding to RICK, inhibiting induced IL-l.beta. secretion, and 
stimulating NF- . kappa. B activation with a yeast two-hybrid screening system, 
comprising transforming a yeast cell with a vector comprising the nucleic acid 
molecule of claim 56. 
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L8: Entry 12 of 3 0 



File: PGPB 



Jun 19, 2003 



DOCUMENT- IDENTIFIER: US 20030113733 Al 
TITLE: Gene regulator 



Summary of Invention Paragraph : 

[0013] Considering that NF-kappaB is thought by many to be a primary effector of 
disease (A. S. Baldwin, J. Clin. Invest., 2001, 107:3-6), numerous efforts are 
underway to develop safe inhibitors of NF-kappaB to be used in treatment of both 
chronic and acute disease situations. Specific inhibitors of NF-kappaB should 
reduce side effects associated with drugs such as NSAIDS and glucocorticoids and 
would offer significant potential for the treatment of a variety of human and 
animal diseases. Specific diseases or syndromes where patients would benefit from 
NF-kappaB inhibition vary widely, and range from rheumatoid artrhritis, 
athereosclerosis , multiple sclerosis, chronic inflammatory demyelinating 
polyradiculoneuritis, asthma, inflammatory bowel disease, to Helicobacter pylori - 
associated gastritis and other inflammatory responses, and a variety of drugs that 
have effects on NF-kappaB activity, such as corticosteroids, sulfasalazine, 5- 
aminosalicylic acid, aspirin, tepoxalin, leflunomide, curcumin, antioxidants and 
proteasome inhibitors. These drugs are considered to be non-specific and often only 
applicable in high concentrations that may end up toxic for the individual treated. 



22. A modulator of NF -kappaB/Rel protein activation comprising a signalling molecule 
molecule according to anyone of claims 18 to 21. 

24. Use according to claim 23 for the modulation of gene expression by inhibiting 
NF-kappaB/Rel protein activation. 
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L8: Entry 14 of 30 



File: PGPB 



May 1, 2003 



DOCUMENT- IDENTIFIER: US 20030083241 Al 

TITLE: Use of somatostatin receptor agonists in the treatment of human disorders of 
sleep hypoxia and oxygen deprivation 

Detail Description Paragraph : 

[0246] Ludtke, F. E., Maierhof, S., Kohler, H. , Bauer, F . E . , Tegeler, R. # Schauer, 
A., and Lepsien, G., Helicobacter pylori colonization in surgical patients, Chirurg. 
Chirurg. 62: 732-8., 1991. 



61. The method of preventing or treating gastroesophageal reflux disease (GERD) , 
asthma-associated gastroesophageal reflux (GER) , GER-associated asthma and asthma, 
or related disorders, which method comprises administering a composition comprising 
an effective amount of a somatostatin receptor agonist sufficient to inhibit the 
activation of NF-kappaB and c-fos/AP-1 nuclear transcription factors to a human 
patient in need thereof. 



CLAIMS : 
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L8 : Entry 17 of 30 



File: PGPB 



Apr 3, 2003 



DOCUMENT -IDENTIFIER: US 20030064913 Al 

TITLE: Treatment and prevention of mucositis in cancer patients 
Abstract Paragraph : 

The invention features a method for the treatment or prevention of mucositis in an 
individual undergoing or preparing to undergo cancer treatment. The method includes 
administering a therapeutically effective amount of an inhibitor of NF - . kappa. B to 
an individual undergoing or preparing to undergo a treatment for cancer. In certain 
embodiments, the inhibitor is a compound having the formula: 1 

Detail Description Paragraph : 

[0186] 120. Jin D-Y, Chae H Z, Rhee S G and Jeang K-T (1997) Regulatory role for a 
novel human thioredoxin peroxidase in NF- . kappa . B activation. Journal of Biological 
Chemistry 272 30952-30961. 



1. A method for the treatment or prevention of mucositis comprising administering a 
therapeutically effective amount of an inhibitor of NF -. kappa. B to an individual 
undergoing or preparing to undergo a treatment for cancer. 



CLAIMS : 
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L8: Entry 22 of 30 



File: USPT 



Jul 23, 2002 



DOCUMENT- IDENTIFIER: US 6423687 Bl 

TITLE: Pharmaceutical preparations of glutathione and methods of administration 
thereof 



Other Reference Publication (95) : 

Holmgren, " Thioredoxin and glutaredoxin" , J. Biol. Chem. 264, 13963-13966 1989. 
Other Reference Publication (97) : 

Matthews, et al . , " Thioredoxin regulates the DNA binding activity of NF-kB by 
reduction . . . Nucleic Acids Research, 20 (15): 3821-3830 1992. 

Other Reference Publication (100) : 

Qin, et al . , "Solution structure of human thioredoxin in a mixed disulfide 
intermediate complex . . . ", Structure, 15:3, 289-297 1995. 

Other Reference Publication (101) : 

Qin, et al . , "The Solution structure of human thioredoxin complexed with its target 
from Ref-1 reveals peptide chain reversal", Structure, 4(5), 613-620 1996. 

Other Reference Publication (219) : 

Muriel, et al . , "Dual regulation of heat-shock transcription factor (HSF) 
activation and DNA-binding activity by H202: role of thioredoxin " . (1996) . 

Other Reference Publication (220) : 

Makino, et al . , Cross-Talk between Endocrine Control of Stress Response and 
Cellular Antioxidant Defense System, Thioredoxin is a Redox-Regulating Cellular 
Cofactor for Glucocorticoid Hormone Action (Poster) , Proceedings of 3rd Internet 
World Congress on Biomedical Sciences, 1996.12.9-20 Riken, Tsukuba, Japan. 

Other Reference Publication (247) : 

Holmgren, A., 1995, " Thioredoxin structure and mechanism: conformational changes on 
oxidation of the active-site sulfhydryls to a disulfide", Structure 3:239-243. 

Other Reference Publication (248) : 

Holmgren, A., 1985, " Thioredoxin ", Annu. Rev. Biochem. 54:237-271. 
Other Reference Publication (249) : 

Tagaya, et al . , 1989, "ATL-derived factor (ADF) , an IL-2 receptor/Tac inducer 
homologous to thioredoxin . . . EMBO J. 8:757-764. 

Other Reference Publication (252) : 

Schenk, et al . , 1994, "Distinct effects of thioredoxin and antioxidants on the 
activation of transcription factors NF-kB and AP-1", Proc . Natl. Acad. Sci. USA. 
91:1672-1676. 

Other Reference Publication (254) : 

Grippo, et al . , 1985, "Proof that the endogenous, heat-stable glucocorticoid 
receptor-activating factor is thioredoxin " , J. Biol. Chem. 260:93-97. 
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Other Reference Publication (255) : 

Makino, et al . , Thioredoxin : a Redox -Regulating Cellular Cof actor for Glucocorticoid 
Glucocorticoid Hormone Action. J. Clin. Invest, (in press) . 

Other Reference Publication (256) : 

Sasada, et al . , 1996, "Redox control of resistence to cis-diamminedichloroplatinum 
(II) (CDDP) . Protective effect of human thioredoxin against CDDP-induced 
cytotoxicity", J. Clin. Invest. 97:2268-2276. 

Other Reference Publication (260) : 

Matthews, et al . , 1992, " Thioredoxin regulates the DNA binding activity of NF-kB by 
reduction of a disulphide bond involving cysteine 62", Nucleic Acids Res. 20:3821- 
3830 . 

Other Reference Publication (261) : 

Yokomizo, et al . , 1995, "Cellular levels of thioredoxin associated with drug 
sensitivity to cisplatin, mitomycin C, doxorubicin, and etoposide", Cancer Res. 
55:4293-4296. 

Other Reference Publication (269) : 

Qin, et al . , "Solution structure of human thioredoxin in a mixed disulfide 
intermediate complex with its target peptide from the transcription factor MfkB", 
Structure 3:289-297. 

Other Reference Publication (356) : 

Holmgren, A., " Thioredoxin ", Ann Rev Biochem 1985; 54: 237-272. 
Other Reference Publication (357) : 

Holmgren, A., " Thioredoxin and glutaredoxin systems", J Biol Chem 1989; 264, 13963- 
13966. 

Other Reference Publication (392) : 

Okamoto, et al . , "Human thioredoxin /adult T cell leukemia-derived factor activates 
the enhancer binding protein . . . ", Int Immunol 1992; 4: 811-819. 

Other Reference Publication (393) : 

Hayashi, et al . , "Oxidoreductive regulation of nuclear factor kappa B. Involvement 
of a cellular reducing catalyst thioredoxin ", J Biol Chem 1993B; 268: 11380-11388. 

Other Reference Publication (394) : 

Tagaya, et al . , "ATL-derived factor (ADF) , an IL-2 receptor/Tac inducer homologous 
to thioredoxin . . . ", EMBO J 1989; 8: 757-764. 

Other Reference Publication (398) : 

Matthews et al . , " Thioredoxin regulates the DNA binding activity of NF-kappa B by 
reduction of a disulfide bond involving cystein 62", Nucleic Acids Res 1992; 20, 
3821-3830. 

Other Reference Publication (401) : 

Qin, et al . , "Solution structure of human thioredoxin in a mixed disulfide 
intermediate complex with its target peptide . . . ", Science 1995; 3: 289-297. 

Other Reference Publication (549) : 

Junji, Y., et al . , Redox control of Thioredoxin (TRX) on the cytotoxic/death signal 
CLAIMS : 

3. The method according to claim 1, wherein the glutathione blocks induction of NF- 
. kappa. B transcription factor. 



http://westbrs:9000^n/cg^ 9/ 3/ 04 



Record Display Form Page 3 of 3 



Previous Doc Next Do c Go to Doc# 



http://westbrs:9000ftin/c^ 9/3/04 



Record Display Form 



Page 1 of 1 



First Hit Fwd Refs Previous Doc Next Doc Go to Doc# 




L8: Entry 23 of 3 0 File: USPT Nov 17, 1998 



DOCUMENT- IDENTIFIER: US 5837224 A 

** See image for Certificate of Correction ** 

TITLE: Method of inhibiting photoaging of skin 

Abstract Text (1) : 

Photoaging of undamaged skin due to UVB irradiation exposure is inhibited by 
administering an agent that inhibits (1) the activity of UVB irradiation inducible 
MMPs in the skin, (2) one or both of the transcription factors AP-1 and NF- . kappa. B 
or (3) at least one of the GTP binding proteins or kinases involved in the 
activation and/or production of jun or fos proteins, which comprise AP-1, to the 
skin prior to such exposure. 

Other Reference Publication (78) : 

Schenk et al . , "Distinct effects of thioredoxin and antioxidants on the activation 
of transcription factors NF-kB and APP-1" Proc . Natl. Acad. Sci. USA (1994) 
91 : 1672-1676 . 

CLAIMS : 

4 . The method of claim 1 wherein the inhibitor inhibits the activity of at least one 
one of AP-1 and NF- . kappa. B. 

8. The method of claim 4 wherein the inhibitor inhibits NF - . kappa . B and is a 
glucocorticoid, aspirin or E5510. 

16. The method of claim 11, wherein the inhibitor inhibits the activity of at least 
one of AP-1 and NF- . kappa. B. 
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L8: Entry 26 of 30 



File: DWPI 



Nov 27 , 2003 



DERWENT-ACC-NO : 2004-061982 
DERWEMT-WEEK: 200406 

COPYRIGHT 2 004 DERWENT INFORMATION LTD 



TITLE: Identifying compounds that modulate lipopolysaccharide-mediated activation of 
of NF-kB or JNK kinase activity, useful for treating bacterial infections, comprises 
comprises exposing a cell to a compound that modulates the activity of CARD-4 



PATENT -ASSIGNEE : 

ASSIGNEE 

INST PASTEUR 



CODE 
INSP 



PRIORITY-DATA: 2 003US - 03 523 8 1 (January 27, 2003), 2002US-0154485 (May 22, 2002) 



Search Selected Search ALL 

,.;J,. :. : : ...... ... ■: . ■ I : : 



Clea r 



PATENT -FAMILY: 

PUB -NO PUB -DATE 

□ WO 2003097684 A2 November 27, 2003 



LANGUAGE PAGES MAIN - IPC 
E 104 C07K014/47 



DESIGNATED -STATES : AE AG AL AM AT AU AZ BA BB BG BR BY BZ CA CH CN CO CR CU CZ DE DK 

DK DM DZ EC EE ES FI GB GD GE GH GM HR HU ID IL IN IS JP KE KG KP KR KZ LC LK LR LS 

LT LU LV MA MD MG MK MN MW MX MZ NI NO NZ OM PH PL PT RO RU SC SD SE SG SK SL TJ TM 

TN TR TT TZ UA UG US UZ VC VN YU ZA ZM ZW AT BE BG CH CY CZ DE DK EA EE ES FI FR GB 

GH GM GR HU IE IT KE LS LU MC MW MZ NL OA PT RO SD SE SI SK SL SZ TR TZ UG ZM ZW 

AP PL I CAT I ON - DATA : 

PUB -NO APPL-DATE APPL-NO DESCRIPTOR 

WO2003097684A2 May 22, 2003 2 0 03WO- IB02597 



INT-CL (IPC) : C07 K 14/47 



ABSTRACTED -PUB -NO: W02 003 097 684A 
BASIC -ABSTRACT: 

NOVELTY - Identifying a candidate compound that modulates lipopolysaccharide (LPS) - 
mediated activation of NF-kB or JNK kinase activity comprising exposing a cell to a 
compound that modulates the expression or activity of CARD-4, is new. 

DETAILED DESCRIPTION - Identifying a candidate compound that modulates 
lipopolysaccharide (LPS) -mediated activation of NF-kB or JNK kinase activity 
comprising : 
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(a) providing a cell that harbors LPS and expresses a polypeptide comprising a 
caspase recruitment domain (CARD) , nucleotide binding site (NBS) or leucine rich 
repeat (LRR) domain of CARD-4; 

(b) exposing the cell to a test compound; and ' 

(c) measuring NF-kB activation or JNK kinase activity in the cell, where altered 
NF-kB activation or JNK kinase activity in the presence of the test compound 
compared to NF-kB activation or JNK kinase activity in the absence of the test 
compound indicates that the test compound is a candidate compound that modulates 
LPS-mediated activation of NF-kB or JNK kinase activity. 

INDEPENDENT CLAIMS are also included for the following: 

(1) identifying a candidate compound that modulates LPS -induced immune response, 
comprising : 

(a) providing a cell that expresses a polypeptide comprising a CARD, NBS or LRR 
domain of CARD-4; 

(b) introducing LPS into the cell; 

(c) exposing the cell to a test compound; and 

(d) measuring oligomerization of the polypeptide in the cell, where an altered 
oligomerization of the polypeptide in the presence of the test compound compared to 
oligomerization of the polypeptide in the absence of the test compound indicates 
that the test compound is a candidate compound for modulating an LPS -induced immune 
response; 

(2) modulating LPS- induced activation of NF-kB or JNK, comprising providing a cell 
that harbors intracellular LPS, and contacting the cell with a compound that 
modulates expression or activity of CARD-4 in an amount sufficient to modul a te LPS- 
induced activation of NF-kB or JNK in the cell; 

(3) modulating an LPS -induced immune response in an individual, comprising 
selecting an individual comprising cells harboring intracellular LPS, and 
administering to the individual a compound that modulates expression or activity of 
CARD-4 in an amount sufficient to modulate an LPS-induced immune response in the 
individual; 

(4) treating or preventing a bacterial infection, comprising selecting an 
individual having or at risk of having a bacterial infection, and administering to 
the individual a compound that modulates expression or activity of CARD-4 in an 
amount sufficient to treat or prevent the bacterial infection; and 

(5) a mouse whose genome comprises a disruption in an endogenous CARD-4 gene, where 
the disruption results in decreased expression or a lack of expression of the 
endogenous CARD-4 gene, thus, causing a decreased ability of the mouse to clear a 
Salmonella typhimurium or Helicobacter pylori infection. 

ACTIVITY - Antibacterial; Antiinflammatory; Auditory; Respiratory-Gen.; 
Immunosuppressive; Cytostatic; Antiarthritic ; Dermatological ; Nephrotropic; Anti- 
HIV; Neuroprotective; Nootropic; Antiparkinsonian; Antianemic; Antithyroid; 
Antiallergic . 

No biological data given. 

MECHANISM OF ACTION - Gene therapy. 
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USE - The method is useful in screening for modulators of LPS-induced cell signaling 
signaling pathways, in modulating LPS-induced cell signaling pathways, or in 
diagnosing, preventing or treating bacterial infections such as those caused by S. 
flexneri, S. typhimurium or H. pylori, or disorders of bacterial origin, such as 
sinusitis, acute otitis media, chronic obstructive pulmonary disease, inflammatory 
bowel disease, appendicitis or septic shock. These may also be used for diagnosing, 
preventing or treating other disorders such as cancer, arthritis, systemic lupus 
erythematosus, glomerulonephritis, HIV, Alzheimer's disease, Parkinson's disease, 
anemia, Grave's disease or allergies. The proteins, nucleic acid molecules or 
antibodies may also be used in chromosomal mapping, tissue typing, forensic biology 
or pharmacogenomics . 

CHOSEN-DRAWING: Dwg.0/7 

TITLE -TERMS : IDENTIFY COMPOUND MODULATE MEDIATOR ACTIVATE KINASE ACTIVE USEFUL 
TREAT BACTERIA INFECT COMPRISE EXPOSE CELL COMPOUND MODULATE ACTIVE CARD 

DERWENT - CLASS : B04 D16 

CPI-CODES: B04-F01; B04-F02A0E; B04-P01A0E; B11-C08E1; B12-K04A; B12-K04E; B14-A01; 
B14-A01A8; B14-A02B1; B14-C09; B14-E10C; B14-F03; B14-G01B; B14-G02A; B14-H01; B14- 
H01B; B14-J01A3; B14-J01A4; B14-K01; B14-N02; B14-N04; B14-N10; B14-N11; B14-N17C; 
B14-S06; D05-H08; D05-H09; D05-H14B2; D05-H16; 

CHEMICAL -CODES: 

Chemical Indexing M6 *01* 
Fragmentation Code 

M905 P210 P220 P420 P421 P431 P444 P446 P624 P625 
P631 P633 P723 P731 P812 P820 P831 P921 P924 P943 
Q233 Q505 R515 R521 R614 R627 R633 

SECONDARY -ACC -NO : 

CPI Secondary Accession Numbers: C2004-025301 
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L15: Entry 2 of 12 



File: PGPB 



Jun 10, 2004 



DOCUMENT- IDENTIFIER : US 20040109870 Al 

TITLE: Therapeutic agent for acute hepatitis and chronic hepatitis including hepatic 
hepatic fibrosis and cirrhosis 



5. A method for treating hepatic disease comprising administering an effective 
amount of one or more polypeptide (s) belonging to the thioredoxin family to a 
patient in need of such treatment, wherein the hepatic disease is acute hepatitis, 
chronic hepatitis, chronic hepatic fibrosis or hepatic cirrhosis. 

6. The method according to claim 5, wherein about 5 0 to about 50 0 mg of thioredoxin 
is a dminister e d to an adult per day. 



CLAIMS : 
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L15: Entry 5 of 12 



File: PGPB 



Dec 25, 2003 



DOCUMENT- IDENTIFIER: US 20030235588 Al 

TITLE: Method of treating TRX mediated diseases 



CLAIMS : 

!• A m ethod of treating a thioredoxin (TRX) -mediated disease in a subject in need 
thereof, comprising the step of administering to said subject a therapeutically 
effective amount of a histone deacetylase (HDAC) inhibitor, or pharmaceutical^ 
acceptable salts or hydrates thereof. 

31. A method of modulating the level or activity of thioredoxin (TRX) in a subject, 
comprising the step of administering to said subject a histone deacetylase (HDAC) 
inhibitor, or pharmaceutical^ acceptable salts or hydrates thereof, in an amount 
effective to modulate the level or activity of TRX in said subject. 
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TITLE: Use of thiol redox proteins for reducing protein intramolecular disulfide 
bonds, for improving the quality of cereal products, dough and baked goods and for 
inactivating snake, bee and scorpion toxins 



118. A method of treating snake venom neurotoxicity in an individual comprising 
administering, to an individual suffering from snake venom neurotoxicity, amounts of 
of NADP - thiored o xin reductase, NADPH or an NADPH generator system and a thioredoxin 
effective for reducing or alleviating said snake venom neurotoxicity. 

136. A method of treating bee venom toxicity in an individual comprising 
administering, to an individual suffering from bee venom toxicity, amounts of NADP^ 
thioredoxin reductase, NADPH or an NADPH generator system and a thioredoxin 
effective for reducing or alleviating said bee venom toxicity. 

137. A method of treating scorpion venom toxicity in an individual comprising 
administering, to an individual suffering from scorpion venom toxicity, amounts of 
NADP - thioredoxin reductase, NADPH or an NADPH generator system and a thioredoxin 
effective for reducing or alleviating said scorpion venom toxicity. 
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Lipid peroxidation and peroxyni trite in retinal i s chemi a -reper fusion 
injury. 

Shibuki H; Katai N; Yodoi J; Uchida K; Yoshimura N 

Department of Ophthalmology, Shinshu University School of Medicine, 
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Investigative ophthalmology & visual science (UNITED STATES) Oct 2000, 
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Document type: Journal Article 
Languages : ENGLISH 
Main Citation Owner: NLM 
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PURPOSE: To investigate whether lipid peroxides play a role in retinal 
cell death due to ischemia-reperf usion injury, whether recombinant human 
thioredoxin (rhTRX) treatment reduces production of lipid peroxides of the 
retina, and whether such treatment reduces the number of cells expressing 
c-Jun and cyclin Dl. METHODS: Retinal ischemia was induced in rats by 
increasing the intraocular pressure to 110 mm Hg for 60 minutes. After 
reperfusion, immunohistochemical staining for lipid peroxide, 
peroxynitrite, c-Jun, and cyclin Dl and propidium iodide (PI) staining were 
performed on retinal sections from animals treated intravenously with and 
without rhTRX, a free radical scavenger. Quantitative analyses of PI-, 
c-Jun-, and cyclin Dispositive cells were performed after the ischemic 
insult. Concentration of lipid peroxides in the retina was determined by 
the thiobarbituric acid assay. RESULTS: Specific immunostaining for lipid 
peroxides was seen in the ganglion cell layer at 6 hours after reperfusion, 
in the inner nuclear layer at 12 hours, and in the outer nuclear layer at 
48 hours. Time course studies for Pi-positive cells in the three nuclear 
layers coincided with those of specific immunostaining for lipid peroxides. 
The specific immunostaining was weakened by pre- and pos ttreatment with 0.5 
mg of rhTRX. The number of PI-, c-Jun-, and cyclin Dl-positive cells and 
the concentration of lipid peroxides were significantly decreased by 
treatment with rhTRX compared with those of vehicle-treated control rats 
(P: < 0. 01). CONCLUSIONS: Lipid peroxides formed by free radicals may play 
a role in neuronal cell death in retinal ischemia-reperf usion injury. 
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Thioredoxin, thioredoxin reductase and NADPH, the thioredoxin system, is 
ubiquitous from Archea to man. Thioredoxins , with a di thiol/disulfide 
active site ( CGPC ) are the major cellular protein disulfide reductases; 
they therefore also serve as electron donors for enzymes such as 
ribonucleotide reductases, thioredoxin peroxidases (peroxiredoxins ) and 
methionine sulfoxide reductases. Glutaredoxins catalyze glutathione-disulf i 

de oxidoreductions overlapping the functions of thioredoxins and using Z 1 
electrons from NADPH via glutathione reductase. Thioredoxin isoforms are 
present in most organisms and mitochondria have a separate thioredoxin 
system. Plants have chloroplast thioredoxins, which via 

f erredoxin-thioredoxin reductase regulates photosynthetic enzymes by light. 
Thioredoxins are critical for redox regulation of protein function and 
signaling via thiol redox control. A growing number of transcription 
factors including NF-kappaB or the Ref-l-dependent API require thioredoxin 
reduction for DNA binding. The cytosolic mammalian thioredoxin, lack of 
which is embryonically lethal, has numerous functions in defense against 
oxidative stress, control of growth and apoptosis, but is also secreted and 
has co-cytokine and chemokine activities. Thioredoxin reductase is a 
specific dimeric 70-kDa flavoprotein in bacteria, fungi and plants with a 
redox active site disulf ide/dithiol . In contrast, thioredoxin reductases of 
higher eukaryotes are larger (112-130 kDa) , selenium-dependent dimeric 
f lavoproteins with a broad substrate specificity that also reduce 
nondisulfide substrates such as hydroperoxides, vitamin C or selenite. All 
mammalian thioredoxin reductase isozymes are homologous to glutathione 
reductase and contain a conserved C-terminal elongation with a 
cys teine-selenocys teine sequence forming a redox-active selenenylsulf ide/se 
lenolthiol active site and are inhibited by goldthioglucose 
(aurothioglucose) and other clinically used drugs. (85 Refs.) 
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The thioredoxin system of Helicobacter pylori. 
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This paper describes the purification of thioredoxin reductase (TR) and 
the characterization, purification, and cloning of thioredoxin (Trx) from 
Helicobacter pylori. Purification, amino acid sequence analysis, and 
molecular cloning of the gene encoding thioredoxin revealed that it is a 
12-kDa protein which possesses the conserved redox active motif CGPC . The 
gene encoding Trx was amplified by polymerase chain reaction and inserted 
into a pET expression vector and used to transform Escherichia coli. Trx 
was overexpressed by induction with isopropyl-l-thio-beta-D-galactopyranosi 
de as a decahistidine fusion protein and was recovered from the cytoplasm 
as a soluble and active protein. The redox activity of this protein was 
characterized using several mammalian proteins of different architecture 
but all containing disulfide bonds. H. pylori thioredoxin efficiently 
reduced insulin, human immunoglobulins ( IgG/IgA/sIgA) , and soluble mucin. 
Subcellular fractionation analysis of H. pylori revealed that thioredoxin 
was associated largely with the cytoplasm and inner membrane fractions of 
the cell in addition to being recovered in the phosphate-buffered 
saline-soluble fraction of freshly harvested cells. H. pylori TR was 
purified to homogeneity by chromatography on DEAE-52, Cibacron blue 3GA, 
and 2 ' , 5 ' -ADP-agarose. Gel filtration revealed that the native TR had a 
molecular mass of 70 kDa which represented a homodimer composed of two 
35-kDa subunits, as determined by SDS-polyacrylamide gel electrophoresis. 
H. pylori TR (NADPH-dependent ) efficiently catalyzed the reduction of 
5, 5 1 -dithiobis (nitrobenzoic acid) in the presence of either native or 
recombinant H. pylori Trx. H. pylori Trx behaved also as a stress response 
element as broth grown bacteria secreted Trx in response to chemical, 
biological, and environmental stresses. These observations suggest that Trx 
may conceivably assist H. pylori in the process of colonization by inducing 
focal disruption of the oligomeric structure of mucin while rendering host 
antibody inactive through catalytic reduction. 
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Fifty years ago family practice in Canada had no academic presence. 
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Thioredoxin inhibits tumor necrosis factor- or interleukin-1 -induced 
NF-kappaB activation at a level upstream of NF-kappaB-inducing kinase. 
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Gene induction by tumor necrosis factor-alpha (TNFalpha) or 
interleukin-lbeta (IL-lbeta) is mediated in part by activation of the 
transcription factor nuclear factor kappaB (NF-kappaB) , and requires signal 
adaptor molecules such as TNF receptor-associated factor (TRAFs). The 
latter interact with the NF-kappaB-inducing kinase (NIK) , which is believed 
to be part of the IkappaB kinase complex. Although the precise mechanism is 
to be elucidated, it is well-known that antioxidant treatments inhibit the 
inflammatory cytokine-induced NF-kappaB activation. Thioredoxin (TRX) is 
a 12-kDa endogenous protein that regulates various cellular functions by 
modulating the redox state of proteins, overexpression of this molecule 
inhibits NF-kappaB activation. To elucidate the roles of TRX in the signal 
transduction of the cytokines, we investigated the effects of TRX on 
NF-kappaB activation induced by cytokine treatment or by overexpression of 
the signaling molecules. Our data show that TRX treatment inhibits 
NF-kappaB-dependent transcription at the level of downstream of TRAFs and 
upstream of NIK: TRX inhibited TRAF2-, TRAF5-, and TRAF6-induced NF-kappaB 
activation but does not inhibit NIK-, IKKalpha-, and MEKK-induced 
activation. In addition, we show that TRX inhibits NF-kappaB activation in 
a manner different from that for SAPK (stress activated protein kinase) 
inhibition . 
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52500-60-4 (Thioredoxin) ; 616-91-1 (Acetylcysteine) 

Enzyme No.: EC 1.13.12.- (Luciferase); EC 2.7.1.- (I kappa B kinase); 
EC 2.7.1.37 (MAP Kinase Kinase Kinases); EC 2.7.1.37 (Mitogen-Activated 
Protein Kinases); EC 2.7.1.37 (Protein-Serine-Threonine Kinases); EC 
2.7.10.- (MAPK kinase kinase 5); EC 2.7.10.- (mitogen-activated protein 
kinase p38) 
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Geranylgeranylacetone (GGA) has been introduced into the clinical field 
as an anti-ulcer drug. In addition to protective effects on gastric mucosal 
cells, GGA also has anti-apoptotic effects against ischemia and reperfusion 
injury in hepatocytes and intestinal cells. However, the molecular 
mechanisms of the cytoprotective or anti-apoptotic effect of GGA are 
largely unknown. To explore the molecular mechanism of GGA action, we 
focused on thioredoxin (TRX) , an endogenous-redox-acting molecule. We 
have demonstrated that GGA induces the messenger RNA and protein of TRX and 
affects the activation of transcription factors, AP-1 and NF-kappaB, and 
that GGA blunted ethanol-induced cytotoxicity of cultured hepatocytes. 
These results provide evidence suggesting that a possible novel molecular 
mechanism of GGA is to protect cells via the induction of TRX and the 
activation of transcription factors such as NF-kappaB and AP-1. Copyright 
2000 Academic Press. 
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Nucleoredoxin , glutaredoxin, and thioredoxin differentially regulate 
NF-kappaB, AP-1, and CREB activation in HEK293 cells. 
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Well-established mechanisms for regulation of protein activity include 
thiol-mediated oxidoreduction in addition to protein-protein interactions 
and phosphorylation. Nucleoredoxin (NRX) , glutaredoxin (GRX) , and 
thioredoxin (TRX) have been shown to act as a potent thiol reductase and 
reactive oxygen species regulator. They constitute a oxidoreductase 
superfamily and have been suggested as a candidate operating in the redox 
regulation of gene expression. We demonstrated here that intracellular 
localization of these redox molecules differ from each other and that the 



redox molecules differentially regulate NF-kappaB, AP-1, and CREB 
activation induced by TNFalpha, PMA, and forskolin and by expression of 
signaling intermediate kinases, NIK, MEKK, and PKA in HEK293 cells. This is 
a first report that describes involvement of NRX and GRX and differences 
from TRX in transcriptional regulation of NF-kappaB, AP-1, and CREB in 
living cells. Copyright 2000 Academic Press. 
Tags: Human; Support, Non-U. S. Gov't 
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The release of superoxide (0(2)(*-)) and hydrogen peroxide (H(2)0(2)), 
induced by tumor necrosis factor-alpha (TNF-alpha) or interleukin-lbeta 
(IL-lbeta), has been studied in the endothelial cell line ECV 304 in the 
presence and absence of selenium (Se) supplementation. Both cytokines 
elicit the production of both species. Selenium supplementation, which 
increases Se-enzyme activity, decreases the amount of H(2)0(2) but not 
0(2)(*-) detectable in the extracellular medium. Inhibition of reduced 
nicotinamide adenine dinucleotide phosphate (NADPH) oxidase by 
diphenyliodonium (DPI) or phenylarsine oxide (PAO), largely prevents 
0(2) (*-) production, whereas H(2)0(2) remains above the amount accounted 
for by disproportion of residual 0(2)(*-). Thus, a fraction of H(2)0(2) 
found in the medium, derives from an intracellular pool, which is under 
control of selenium-dependent peroxidases. This is further supported by the 
observation that in Se-supplemented cells, the rate of intracellular 
glutathione (GSH) depletion induced by cytokine treatment is faster and 
more extensive. Because Se supplementation decreases cytokine-induced 
NF-kappaB activity, whereas added H(2)0(2) is inactive and catalase does 
not affect the activation induced by TNF-alpha, it is concluded that only 



54 Sll 

11 S12 

S13 43 Sll NOT S12 

?t sl3/9/all 

13/9/1 

DIALOG (R) File 155 :MEDLINE (R) 

(c) format only 2004 The Dialog Corp. All rts . reserv. 

14519363 PMID: 10516220 
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We examined whether nitric oxide (NO) -induced inhibition of thioredoxin 
(Thx) expression is regulated by a mechanism mediated by a transcription 
factor, i.e., nuclear f actor-kappaB (NF-kappaB), in cultured porcine 
pulmonary artery endothelial cells (PAEC) and in mouse lungs. Western blot 
analysis revealed that IkappaB-alpha content was reduced by 20 and 60% in 
PAEC exposed to 8.5 ppm NO for 2 and 24 h, respectively. NO exposure also 
caused significant reductions of cytosol fraction p65 and p52 content in 
PAEC. The nuclear fraction p65 and p52 contents were significantly reduced 
only in PAEC exposed to NO for 24 h. Exposure to NO resulted in a 50% 
reduction of p52 mRNA but not of the IkappaB-alpha subunit. DNA binding 
activity of the oligonucleotide encoding the NF-kappaB sequence in the Thx 
gene was significantly reduced in PAEC exposed to NO for 24 h. Exposure of 
mice to 10 ppm NO for 24 h resulted in a significant reduction of lung Thx 
and IkappaB-alpha mRNA and protein expression and in the oligonucleotide 
encoding Thx and NF-kappaB/DNA binding. These results 1) demonstrate that 
the effects of NO exposure on Thx expression in PAEC are comparable to 
those observed in intact lung and 2) suggest that reduced expression of the 
NF-kappaB subunit, leading to reduced NF-kappaB/DNA binding, is associated 
with the loss of Thx expression in PAEC and in intact mouse lungs. 
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Distinct roles of thioredoxin in the cytoplasm and in the nucleus. A 
two-step mechanism of redox regulation of transcription factor NF-kappaB. 
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Oxidative stresses such as UV irradiation to mammalian cells triggers a 
variety of oxistress responses including activation of transcription 
factors. Recently, activation of nuclear f actor-kappaB (NF-kappaB) has been 
shown to be under oxidoreduction (redox) regulation controlled by 
thioredoxin (TRX) , which is one of major endogenous redox-regulating 
molecules with thiol reducing activity. In order to elucidate where in the 
cellular compartment TRX participates in NF-kappaB regulation, we 
investigated the intracellular localization of TRX. UVB irradiation induced 
translocation of TRX from the cytoplasm into the nucleus. In our in vitro 
diamide-induced cross-linking study, we showed that TRX can associate 
directly with NF-kappaB p50. Overexpression of wild-type TRX suppressed 
induction of luciferase activity under NF-kappaB-binding sites in response 
to UV irradiation compared with the mock trans fectant . In contrast, 
overexpression of nuclear-targeted TRX enhanced the luciferase activity. 
Thus, TRX seems to play dual and opposing roles in the regulation of 
NF-kappaB. In the cytoplasm, it interferes with the signals to IkappaB 
kinases and blocks the degradation of IkappaB. In the nucleus, however, TRX 
enhances NF-kappaB transcriptional activities by enhancing its ability to 
bind DNA. This two-step TRX-dependent regulation of the NF-kappaB complex 
may be a novel activation mechanism of redox-sensitive transcription 
factors. 
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Nuclear factor kappaB transactivation is increased but is not involved in 
the proliferative effects of thioredoxin overexpression in MCF-7 breast 
cancer cells. 
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transcriptional regulator for production of IL-6 and IL-8 on stimulation 
with TNF-alpha. Consistent with these findings, the IkappaBalpha 
phosphorylation at Ser32 and its subsequent degradation in response to 
TNF-alpha was facilitated by TRX. These findings indicate that the elevated 
TRX concentration in SF of RA patients might be involved in the aggravation 
of rheumatoid inflammation by augmenting the NF-kappaB activation pathway. 
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TRANK, a novel cytokine that activates NF-kappa B and c-Jun N-terminal 
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We searched the expressed sequence tag database using sequence homology 
and identified a novel cytokine, which we have named TRANK ( thioredoxin 
peroxidase-related activator of NF-kappa B and c-Jun N-terminal kinase) . 
The predicted amino acid sequence of TRANK was highly homologous to that of 
the thiol-specif ic antioxidant proteins. Unlike these proteins, however, 
TRANK had a putative secretory signal polypeptide and was found to be 
secreted by cells. TRANK was expressed in most tissues and cell lines, and 
the gene that encodes it was mapped to chromosome Xp21-22.1. TRANK 
activated NF-kappa B and induced the degradation of the inhibitory subunit 
of NF-kappa B. In addition, TRANK up-regulated the expression of NF-kappa 
B-dependent gene products, ICAM-1, and inducible nitric oxide synthase. 
TRANK also activated c-Jun N-terminal kinase and induced the proliferation 
of normal human foreskin fibroblasts. Its homology with antioxidant 
proteins, wide distribution in tissues, and ability to activate NF-kappa B 
and c-Jun N-terminal kinase suggest that TRANK plays an important role in 
inflammation . 

Tags: Human; Support, U.S. Gov't, P.H.S. 

Descriptors: Ca ( 2+) -Calmodulin Dependent Protein Kinase — metabolism — ME; 
* Cytokines --physiology — PH; *Mitogen-Activated Protein Kinases; * NF-kappa 
B — metabolism — ME; Amino Acid Sequence; Antioxidants — pharmacology — PD; 



Blood Proteins--chemistry — CH; Cell Division — drug effects--DE; Cell Line; 
Cytokines — biosynthesis — BI; Cytokines — genetics — GE; Cytokines — isolatio 
n and purification — IP; Enzyme Induction — drug effects — DE; Intercellular 
Adhesion Molecule-1 — biosynthesis — BI ; Molecular Sequence Data; 
Nitric-Oxide Synthase — biosynthesis — BI ; Organ Specif icity--genetics — GE; 
Sequence Homology, Amino Acid 

CAS Registry No.: 0 (Antioxidants); 0 (Blood Proteins); 0 

(Cytokines); 0 (NF-kappa B) ; 0 (TRANK protein) ; 0 (natural killer 
enhancing factor B) ; 126547-89-5 (Intercellular Adhesion Molecule-1) 

Enzyme No.: EC 1.14.13.- (inducible nitric oxide synthase); EC 
1.14.13.39 (Nitric-Oxide Synthase); EC 2.7.1.123 ( Ca (2+) -Calmodulin 
Dependent Protein Kinase); EC 2.7.1.37 (Mitogen-Activated Protein Kinases) 
; EC 2.7.10.- (c-Jun amino-terminal kinase) 

Record Date Created: 19980709 

Record Date Completed: 19980709 



13/9/6 

DIALOG (R) File 155 : MEDLINE ( R) 

(c) format only 2004 The Dialog Corp. All rts . reserv. 

13807304 PMID: 9497357 
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in response to growth factors and tumor necrosis factor-alpha. 
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Mammalian tissues express three immunologically distinct peroxiredoxin 
(Prx) proteins (Prx I, II, and III), which are the products of distinct 
genes. With the use of recombinant proteins Prx I, II, and III, all have 
now been shown to possess peroxidase activity and to rely on Trx as a 
source of reducing equivalents for the reduction of H202. Prx I and II are 
cytosolic proteins, whereas Prx III is localized in mitochondria. Transient 
overexpression of Prx I or II in cultured cells showed that they were able 
to eliminate the intracellular H202 generated in response to growth 
factors. Moreover, the activation of nuclear factor kappaB (NFkappaB) 
induced by extracellularly added H202 or tumor necrosis factor-alpha was 
blocked by overproduction of Prx II. These results suggest that, together 
with glutathione peroxidase and catalase, Prx enzymes likely play an 
important role in eliminating peroxides generated during metabolism. In 
addition, Prx I and II might participate in the signaling cascades of 
growth factors and tumor necrosis factor-alpha by regulating the 
intracellular concentration of H202. 
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Adult T cell leukemia derived factor (ADF) / thioredoxin (Trx) is known 
to be an important intracellular antioxidant involved in a number of redox 
reactions such as ribonucleotide reductase (RNR) as well as of tyrosinase. 
Since RNR is a key enzyme of nucleotide metabolism and DNA synthesis, a 
reduced Trx level would result in reduced enzymatic activity and cause DNA 
damage. Furthermore, Trx is considered to be an effective regulator of 
redox sensitive gene expression. The role of Trx in nucleotide metabolism 
and gene expression may be an explanation for increased chromosomal 
instability as well as hypersensitivity towards oxygen, ROI and ROI 
generating agents. The activity of tyrosinase, the key enzyme of melanin 
biosynthesis, is influenced by the thioredoxin level and by superoxide 
radicals. Low thioredoxin levels and high superoxide concentrations 
activate tyrosinase causing hyperpigmentation of the skin. In addition to 
the observed high superoxide concentration in Fanconi anemia (FA) patients, 
a low thioredoxin level might be responsible for the hyperpigmentation 
( caf e-au-lait spots) in this disease. We observed that overexpression of 
the thioredoxin cDNA in FA fibroblasts completely abolished the DNA 
damaging effects of mitomycin C and diepoxybutane and inhibited the 
constitutive activity of the nuclear factor kappaB (NF-kappaB) in SV40 
transformed FA fibroblasts. However, spontaneous chromosomal breakage was 
not affected. 
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NF-kappaB is a major transcription factor consisting of 50(p50)~ and 
65(p65)-kDa proteins that controls the expression of various genes, among 
which are those encoding cytokines, cell adhesion molecules, and inducible 
NO synthase (iNOS) . After initial activation of NF-kappaB, which involves 
release and proteolysis of a bound inhibitor, essential cysteine residues 
are maintained in the active reduced state through the action of 
thioredoxin and thioredoxin reductase. In the present study, activation 
of NF-kappaB in human T cells and lung adenocarcinoma cells was induced by 
recombinant human tumor necrosis factor alpha or bacterial 
lipopolysaccharide . After lipopolysaccharide activation, nuclear extracts 
were treated with increasing concentrations of selenite, and the effects on 
DNA-binding activity of NF-kappaB were examined. Binding of NF-kappaB to 
nuclear responsive elements was decreased progressively by increasing 
selenite levels and, at 7 microM selenite, DNA-binding activity was 
completely inhibited. Selenite inhibition was reversed by addition of a 
dithiol, DTT . Proportional inhibition of iNOS activity as measured by 
decreased NO products in the medium (N02- and N03-) resulted from selenite 
addition to cell suspensions. This loss of iNOS activity was due to 
decreased synthesis of NO synthase protein. Selenium at low essential 
levels (nM) is required for synthesis of redox active selenoenzymes such as 
glutathione peroxidases and thioredoxin reductase, but in higher toxic 
levels (>5-10 microM) selenite can react with essential thiol groups on 
enzymes to form RS-Se-SR adducts with resultant inhibition of enzyme 
activity. Inhibition of NF-kappaB activity by selenite is presumed to be 
the result of adduct formation with the essential thiols of this 
transcription factor. 
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Reduction-oxidation (redox) plays a critical role in NF-kappaB 
activation. Diverse stimuli appear to utilize reactive oxygen species (e.g. 
hydrogen peroxide) as common effectors for activating NF-kappaB. 
Antioxidants govern intracellular redox status, and many such molecules can 
reduce H202 . However, functionally, it does appear that different 
antioxidants are variously selective for redox regulation of certain 
transcription factors such as NF-kappaB. For NF-kappaB, thioredoxin has 
been described to be a more potent antioxidant than either glutathione or 
N-acetylcysteine . Thioredoxin peroxidase is the immediate enzyme that 
links reduction of H202 to thioredoxin . Several putative human 
thioredoxin peroxidases have been identified using recursive sequence 
searches/alignments with yeast or prokaryotic enzymes. None has been 
characterized in detail for intracellular function(s). Here, we describe a 
new human thioredoxin peroxidase, antioxidant enzyme AOE372, identified 
by virtue of its protein-protein interaction with the product of a 
proliferation association gene, pag, which is also a thiol-specif ic 
antioxidant. In human cells, AOE372 defines a redox pathway that 
specifically regulates NF-kappaB activity via a modulation of IkappaB-alpha 
phosphorylation in the cytoplasm. We show that AOE372 activity is regulated 
through either homo- or heterodimerization with other thiol peroxidases, 
implicating subunit assortment as a mechanism for regulating antioxidant 
specificities. AOE372 function suggests thioredoxin peroxidase as an 
immediate regulator of H202-mediated activation of NF-kappaB. 
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We have identified novel signal transduction cascades in activating 
NF-kappa B, as well as its pathogenetic roles in various disease processes. 



By applying the basic knowledge obtained through these studies, we hope to 
find new therapeutic measures against currently incurable diseases such as 
hematogenic cancer cell metastasis, rheumatoid arthritis, and AIDS. We also 
propose a novel strategy in screening effective inhibitors against 
transcription factors. Elucidation of the cis-regulatory element for 
expression of pathogenetic genes and identification of the responsible 
transcription factor will not only facilitate the study of pathogenesis but 
will also promote the development of effective therapy. Recognition of 
control mechanisms of the NF-kappa B activation pathway has explained the 
therapeutic efficacy of various compounds with different pharmacologic 
actions. A similar strategy may be applicable for other inducible 
transcription factors. From the medical point of view, one of the purposes 
of these approaches is to find small molecular weight compounds that can be 
administered orally and that are effective in controlling gene expression 
of pathogenetic genes. (74 Refs.) 
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Reactive oxygen intermediates (ROIs), such as hydrogen peroxide or 
superoxide, are an evolutionarily ancient threat to all organisms. Exposure 
of bacteria to ROIs initiates a genetic program that coordinates the 
production of novel proteins with protective functions. This genetic 
response is mediated by regulatory proteins that have the potential to 
initiate transcription of genes when the levels of the ROIs increase. In 
plant cells, a variety of viral pathogens increase hydrogen peroxide 
production, which is required to mount a defensive genetic response. It was 
suggested that in this case H202 is used as a secondary messenger and an 
immediate-early pathogen signal. In higher vertebrates, two transcription 
factors, nuclear factor kappa B and activator protein 1, were found to 
respond to ROIs. Both are well studied: they are induced by a great variety 
of seemingly unrelated conditions and serve important roles in immune, 
inflammatory, and other pathogen-related genetic responses. In this article 
we discuss how the ROI responsiveness of transcription factors can be 
experimentally studied and summarize evidence to suggest that ROIs have 
been conserved during evolution as messengers of a general pathogen 
response. (90 Refs.) 
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Cytosolic reactions of the nuclear factor kappa B/inhibitor 
(NF-kappaB/IkappaB) complex leading to its activation, NF-kappaB 
translocation into the nucleus, DNA binding, and transactivation have been 
described with some degree of clarity, but the upstream processes that 
stimulate those cytosolic reactions remain obscure. These processes 
definitely involve multiple protein serine/ threonine kinases, as proximal 
modifiers of IkappaB, as well as the corresponding phosphatases, upstream 
kinases, and phosphatases, including those acting on tyrosine residues. 
This complex cascade of phosphorylation and dephosphorylation is modulated 
by redox reactions of unknown nature in the sense that the oxidant status 
of the cytosol increases the phosphorylation and degradation of IkappaB. 
NF-kappaB action, however, requires a thioredoxin -dependent reduced 
status in the nucleus. Upstream kinase (s) and or phosphatase ( s ) prone to 
thiolation or oxidation of vicinal SH groups are at present considered the 
best candidates mediating the redox regulation of NF-kappaB. (117 Refs.) 
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Reactive oxygen species (ROS) are implicated in the pathogenesis of a 
wide variety of human diseases. Recent evidence suggests that at moderately 
high concentrations, certain forms of ROS such as H202 may act as signal 
transduction messengers. To develop a better understanding of the exact 
mechanisms that underlie ROS-dependent disorders in biological systems, 
recent studies have investigated the regulation of gene expression by 
oxidants, antioxidants, and other determinants of the intracellular 
reduction-oxidation (redox) state. At least two well-defined transcription 
factors, nuclear factor (NF) kappa B and activator protein (AP) -1 have 
been identified to be regulated by the intracellular redox state. The 
regulation of gene expression by oxidants, antioxidants, and the redox 
state has emerged as a novel subdiscipline in molecular biology that has 
promising therapeutic implications. Binding sites of the redox-regulated 
transcription factors NF-kappa B and AP-1 are located in the promoter 
region of a large variety of genes that are directly involved in the 
pathogenesis of diseases, e.g., AIDS, cancer, atherosclerosis and diabetic 
complications. Biochemical and clinical studies have indicated that 
antioxidant therapy may be useful in the treatment of disease. Critical 
steps in the signal transduction cascade are sensitive to oxidants and 
antioxidants. Many basic events of cell regulation such as protein 
phosphorylation and binding of transcription factors to consensus sites on 
DNA are driven by physiological oxidant-antioxidant homeostasis, especially 
by the thiol-disulfide balance. Endogenous glutathione and thioredoxin 
systems, and the exogenous lipoate-dihydrolipoate couple may therefore be 
considered to be effective regulators of redox-sensitive gene expression. 
The efficacy of different antioxidants to favorably influence the molecular 
mechanisms implicated in human disease should be a critical determinant of 
its selection for clinical studies. (94 Ref s . ) 
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The pH dependence of the 13C chemical shifts of the side-chain carboxyl 



carbons of all Asp and Glu residues in the reduced and oxidized states of 
human thioredoxin and in a mixed disulfide complex of human thioredoxin 
with a target peptide from the transcription factor NF kappa B has been 
investigated by multidimensional triple-resonance NMR spectroscopy. While 
the titration curves for most of the side-chain carboxyl resonances exhibit 
simple Henderson-Hasselbalch behavior with pKa values not far from those 
found for model compounds, several side chains give rise to two- or 
three-step titration curves, indicative of the influence of multiple 
ionizations. In particular, the triad formed by Asp58, Asp60, and Asp61 
forms such a complex network of titrating groups. The ionization behavior 
of Asp26 shows an abnormally high pKa value for an aspartate residue in all 
states of human thioredoxin , with pKa values of 9.9 in the reduced state, 
8.1 in the oxidized state, 8 . 9 in the mixed disulfide complex, and 8 . 6 in 
an active site mutant in which Cys35 was replaced by Ala. The unambiguous 
determination of the pKa values of Asp26 for a variety of states of human 
thioredoxin presented in this paper is highly significant in view of two 
recent reports on Escherichia coli thioredoxin which presented 
contradicting pKa values for Asp26 and Cys35 [Wilson et al . (1995) 
Biochemistry 34, 8931-8939; Jeng et al . (1995) Biochemistry 34, 
10101-10105] . The stabilization of the protonated side chain of Asp26 in 
human thioredoxin is achieved via a hydrogen-bonding network involving 
the hydroxyl group of the neighboring Ser2 8 which is then connected to the 
active site region (comprising Cys32 and Cys35) via bound water molecules. 
The coupling of the buried Asp26 to the active site is responsible for the 
influence of the Asp26 ionization behavior on the titration shifts of 
active site residues. 
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Endothelial cell activation is achieved by the rapid, protein 
synthesis-independent induction of a characteristic set of genes. Because 
of the abundance of binding sites for the transcription factor NF-kappa B 
in the regulatory region of the aforementioned genes, we hypothesized that 
this factor might play a key role. Reactive oxygen intermediates act as 
second messengers in the activation of NF-kappa B. We have used the 
antioxidant pyrrolidine dithiocarbamate to analyze the effect of NF-kappa B 
inhibition on TNF alpha-induced EC activation in vitro. We show that 
pyrrolidine dithiocarbamate strongly reduces the TNF alpha-mediated 
induction of E-selectin, VCAM-1, ICAM-1, PAI-1, tissue factor, IL-8 and I 
kappa B-alpha. We present evidence identifying NF-kappa B as a central of 
EC activation. Therefore, this factor may represent a prime target for 
therapeutic intervention in pathologic conditions associated with EC 
activation such as alio- and xenograft rejection, atherosclerosis, ischemic 
reperfusion injury and vasculitis. 
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BACKGROUND: Human thioredoxin is a 12 kDa cellular redox protein that 
plays a key role in maintaining the redox environment of the cell. It has 
recently been shown to be responsible for activating the DNA-binding 
properties of the cellular transcription factor, NF kappa B, by reducing a 
disulfide bond involving Cys62 of the p50 subunit. Using multidimensional 
heteronuclear-edited and hetero-nuclear-f iltered NMR spectroscopy, we have 
solved the solution structure of a complex of human thioredoxin and a 
13-residue peptide extending from residues 56-68 of p50, representing a 
kinetically stable mixed disulfide intermediate along the reaction pathway. 
RESULTS: The NF kappa B peptide is located in a long boot-shaped cleft on 
the surface of human thioredoxin delineated by the active-site loop, 
helices alpha 2, alpha 3 and alpha 4, and strands beta 3 and beta 4. The 
peptide adopts a crescent-like conformation with a smooth 110 degrees bend 
centered around residue 60 which permits it to follow the path of the 
cleft. CONCLUSIONS: In addition to the intermolecular disulfide bridge 
between Cys32 of human thioredoxin and Cys62 of the peptide, the complex 
is stabilized by numerous hydrogen-bonding, electrostatic and hydrophobic 
interactions which involve residues 57-65 of the NF kappa B peptide and 
confer substrate specificity. These structural features permit one to 
suggest the specificity requirements for human thioredoxin -catalyzed 
disulfide bond reduction of proteins. 
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Sulforaphane (SFN) , an aliphatic isothiocyanate, is a known cancer 
chemopreventive agent. Aiming to investigate anti-inflammatory mechanisms 
of SFN, we here report a potent decrease in lipopolysaccharide 
(LPS ) -induced secretion of pro-inflammatory and pro-carcinogenic signaling 
factors in cultured Raw 264.7 macrophages after SFN treatment, i.e. NO, 



prostaglandin E(2), and tumor necrosis factor alpha. SFN did not directly 
interact with NO, nor did it inhibit inducible nitric-oxide synthase 
enzymatic activity. Western blot analyses revealed time- and dose-dependent 
reduction of LPS-induced inducible nitric-oxide synthase as well as Cox-2 
protein expression, which was suppressed at the transcriptional level. To 
reveal the target of SFN beyond its anti-inflammatory action, we performed 
electrophoretic mobility shift assay analyses of transcription factor-DNA 
binding. Consequently, nuclear factor kappa B (NF-kappa B) , a pivotal 
transcription factor in LPS-stimulated pro-inflammatory response, was 
identified as the key mediator. SFN selectively reduced DNA binding of 
NF-kappa B without interfering with LPS-induced degradation of the 
inhibitor of NF-kappa B nor with nuclear translocation of NF-kappa B. 
Because SFN can interact with thiol groups by dithiocarbamate formation, it 
may impair the redox-sensitive DNA binding and transactivation of NF-kappa 
B. Sulforaphane could either directly inactivate NF-kappa B subunits by 
binding to essential Cys residues or interact with glutathione or other 
redox regulators like thioredoxin and Ref-1 relevant for NF-kappa B 
function. Our data provide novel evidence that anti-inflammatory mechanisms 
contribute to sulf oraphane-mediated cancer chemoprevention . 
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Increasing evidence indicates that intracellular redox status modulates 
the activity of various transcriptional factors, including nuclear factor 
(NF) -kappa B and activator protein-1. Our laboratory has been interested in 
characterizing the role thioredoxin (TRX) plays in regulating cellular 
redox status in airway epithelium. TRX is a small, ubiquitous protein with 
two redox-active half-cysteine residues, -Cys-Gly-Pro-Cys , in its active 
center. Using primary passage-1 human tracheobronchial epithelial cell 
cultures and an immortalized human bronchial epithelial cell line, HBE1, we 
observed that tumor necrosis factor (TNF) -alpha enhanced NF-kappa B 
transcriptional activity. This observation was based on gel mobility shift 
assays and interleukin {IL)-8 promoter-reporter gene transfection studies. 
TNF-alpha activation coincided with translocation of NF-kappa B p65 from 
the cytoplasm to the nucleus. Pretreatment with N-acetyl-cysteine (NAC) (1 
to 10 mM) or glutathione (1 to 10 mM) inhibited TNF-alpha-induced 
activation of NF-kappa B transcriptional activity and IL-8 
promoter-mediated reporter gene expression. In contrast, elevated TRX 
protein levels in cells enhanced TNF-alpha-dependent NF-kappa B 
transcriptional activity and IL-8 promoter activity. This observation was 
independent of the manner in which TRX was elevated in cells (e.g., by 
cotransfection with a FLAG-TRX expression clone, or by direct exposure to 
commercially available human TRX protein) . Localization of TRX protein by 
anti-TRX antibody indicated an accumulation of TRX protein in the nucleus 
after TNF-alpha treatment. The nuclear localization phenomenon was 
different from the major cytosolic accumulation of glutathione and NAC. 
This is the first known report demonstrating movement of TRX into the 
nucleus of airway epithelial cells after an inflammatory stress. These 
results suggest a compartment effect of thiol chemicals in the regulation 
of redox-dependent transcriptional activity. 
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Cross-communication between different signaling systems allows the 
integration of the great diversity of stimuli that a cell receives under 
varying physiological situations. In this paper we have explored the 
possibility that tumor necrosis factor (TNF) receptor signal cross-talks 
with epidermal growth factor (EGF) receptor signal on the nuclear 
factor-kappa B (NF-kappa B) activation pathway. We have demonstrated that 
overexpression of the EGF receptor (EGFR) in NIH3T3 cells significantly 
enhances TNF-induced NF-kappa B~dependent luciferase activity even without 
EGF, that EGF treatment has a synergistic effect on the induction of the 
reporter activity, and that this enhancement is suppressed by AG1478, 
EGFR-specific tyrosine kinase inhibitor. We also have shown that TNF 
induces tyrosine phosphorylation and internalization of the overexpressed 
EGFR in NIH3T3 cells and the endogenously expressed EGFR in A431 cells and 
that the transactivation by TNF is suppressed by N-acetyl-l-cysteine or 
overexpression of an endogenous reducing molecule, thioredoxin , but not 
by phosphatidylinositol 3-kinase inhibitors and protein kinase C inhibitor. 
Taken together, this evidence strongly suggests that EGFR transactivation 
by TNF, which is regulated in a redox-dependent manner, is playing a 
pivotal role in TNF-induced NF-kappa B activation. 
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NF-kappaB is a redox-sensitive transcription factor known to be activated 
by oxidative stress as well as chemical and biological reductants . Its DNA 
binding activity requires reduced cysteines present in the p65 subunit of 
the dimer. Thioredoxin (Trx) is an endogenous disulfide oxidoreductase 
known to modulate several redox-dependent functions in the cell. NF-kappaB 
was activated by addition of Escherichia coli thioredoxin in a 
redox-dependent manner in A549 cells. Such activation was accompanied by 
degradation of IkappaB in the cytosol. In addition, only the reduced form 
of thioredoxin activated NF-kappaB, whereas the oxidized form was without 
any effect. Overexpression of human thioredoxin also caused activation of 
NF-kappaB and degradation of IkappaB. On the contrary, dominant-negative 
redox-inactive mutant thioredoxin expression did not activate NF-kappaB, 
further confirming the redox-dependent activation of NF-kappaB. We also 
investigated the mechanism of activation of NF-kappaB by thioredoxin . We 
demonstrate that thioredoxin activates c-Jun NH ( 2 ) -terminal kinase 
(JNK) -signaling cascade, and dominant-negative expression of 
mitogen-activated protein kinase kinase kinase 1 (MEKK1) , JNK kinase, or 



JNK inhibits NF-kappaB activation by thioredoxin . In contrast, wild-type 
MEKK1 or JNK kinase induced NF-kappaB activation alone or in combination 
with thioredoxin expression plasmid. These findings were also confirmed 
by NF-kappaB-dependent lucif erase reporter gene transcription. 
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Lysophosphatidic acid (LPA) is the smallest and simplest of all the 
glycerophospholipids that activates a specific GTP-binding protein coupled 
receptor to evoke multiple cellular responses. In this paper, we have 
demonstrated that LPA stimulates nuclear factor (NF) -kappaB-dependent gene 
induction in a neuronal cell line, NG108-15 and that this is under redox 
regulation by an endogenous molecule, thioredoxin . We also have shown 
that redox-sensitive transactivation of epidermal growth factor receptor by 
LPA confers NF-kappaB activation and small GTPase proteins are involved in 
this pathway. 
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Multiple studies in vitro have demonstrated that aqueous extracts of 
mainstream cigarette smoke (CS) [smoke-bubbled phosphate-buffered saline 

(PBS) ] induce a distinct pattern of stress response in cultured cells, 
which may be related to the reported pro-inflammatory activities of CS in 
vitro and in vivo. Nuclear factor kappaB (NF-kappaB) is a transcription 
factor involved in both inflammatory and stress-dependent cell-signaling 
processes. Here we report on the activity of NF-kappaB in cells exposed to 
subcytotoxic concentrations of smoke-bubbled PBS. Using electrophoretic 
mobility shift assay (EMSA) techniques , we observed a decreased DNA binding 
of NF-kappaB during the first 2 h of exposure, which was followed by a more 
than 2-fold increase over controls after 4 to 6 h of exposure. This type of 
kinetics is not regulated by I kappaB - alpha , as evidenced by the lack of 
phosphorylation and degradation of IkappaB-alpha in CS-treated cells. 
However, as demonstrated in immuno-coprecipitation experiments, the 
kinetics of NF-kappaB DNA binding is strictly paralleled by decreased and 
increased complex formation between NF-kappaB and thioredoxin (Trx) , the 
reducing catalyst of Cys-62 of NF-kappaB subunit p50, the reduced thiol 
function of which is essential for efficient NF-kappaB DNA binding. 
Monitoring the expression of the gene encoding thioredoxin reductase 

(TrxR) , which is required to keep Trx in a functional reduced state, we 
observed a significant increase in TrxR mRNA after 2 to 6 h of exposure. 
Based on the correspondence between the kinetics of NF-kappaB DNA binding, 
NF-kappaB/Trx complex formation, and TrxR expression, along with a lack of 
IkappaB-alpha phosphorylation and degradation, these results suggest that 
the activity of NF-kappaB in CS-treated cells is subject mainly to a 
redox-controlled mechanism dependent on the availability of reduced Trx 
rather than being controlled by its normal regulator, IkappaB-alpha. 
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HIV-infected injection drug users (IDUs) often suffer from serious 
nutritional deficiencies. This is a concern because plasma levels of 
micronutrients such as vitamin B12, zinc, and selenium have been correlated 
with mortality risk in HIV-positive populations. Injection drug use also 
increases lipid peroxidation and other indicators of oxidative stress, 
which, combined with antioxidant deficiencies, can stimulate HIV-1 
replication through activation of NF-kappaB transcription factors, while 
weakening immune defenses. As detailed herein, these prooxidant stimuli can 
also increase the pathogenic effects of HIV-1 by another mechanism, 
involving viral selenoproteins. Overlapping the envelope coding region, 
HIV-1 encodes a truncated glutathione peroxidase (GPx) gene (see #6 in 
reference list) . Sequence analysis and molecular modeling show that this 
viral GPx (vGPx) module has highly significant structural similarity to 
known mammalian GPx, with conservation of the catalytic triad of 
selenocysteine (Sec), glutamine, and tryptophan. In addition to other 
functions, HIV-1 vGPx may serve as a negative regulator of proviral 
transcription, by acting as an NF-kappaB inhibitor (a known property of 
cellular GPx) . Another potential selenoprotein coding function of HIV-1 is 
associated with the 3' end of the nef gene, which terminates in a conserved 
UGA (potential Sec) codon in the context of a sequence (Cys-Sec) identical 
to the C-terminal redox center of thioredoxin reductase, another cellular 
regulator of NF-kappaB. Thus, in combination with known cellular mechanisms 
involving Se, viral selenoproteins may represent a unique mechanism by 
which HIV-1 monitors and exploits an essential micronutrient to optimize 
its replication relative to the host. (35 Refs.) 
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intracellularly generated H(2)0(2) has a role in transcription factor 
activation by both TNF-alpha and IL-lbeta. 
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To examine the possible involvement of a redox regulating mechanism in 
the pathogenesis of immune -media ted myocarditis, myocarditis was induced by 
immunization of porcine cardiac myosin in rats and immunohis tochemistry and 
Western blot for thioredoxin (TRX) were performed. Immunohis tochemistry 
for 8-hydroxy-2 1 -deoxyguanosine (8-OHdG) and nuclear factor kappa-B 
(NF-kappaB) was also performed. TRX was upregulated in the acute stage, but 
not in the chronic stage, and the expression was correlated with the 
severity of the disease. Damaged myocytes were strongly immunostained for 
8-OHdG and NF-kappaB. Thus, TRX may be specifically induced by acute 
inflammatory stimuli, and the development of acute immune-mediated 
myocarditis may be regulated by the cellular redox state via TRX. 
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A 3- to 8-fold stimulation of interleukin (IL)-8 gene expression by 
all-trans-retinoic acid (ATRA) was demonstrated in primary cultures of 
human and monkey tracheobronchial epithelial cells and BEAS-2B 
serum-sensitive cell line. The effect of ATRA on IL-8 gene expression is 
dose- and time-dependent. Using cycloheximide, it was observed that new 
protein synthesis was required for the stimulation. ATRA had no effect on 
IL-8 messenger RNA stability. A difference in nuclear run-on activity 
suggests that a transcriptional mechanism is involved in ATRA-enhanced IL-8 
gene expression. Promoter-reporter gene transfection studies demonstrated 
ATRA enhanced IL-8 promoter activity, especially when cells were 
cotransfected with retinoic acid nuclear receptor-alpha expression vector. 
Deletion and site-directed mutagenesis analysis revealed the involvement of 
nuclear factor (NF)-kappaB binding site of the IL-8 gene in ATRA-enhanced 
promoter activity. Electrophoretic mobility shift assay (EMSA) demonstrated 
that ATRA enhanced DNA-NF-kappaB complex formation, especially with the p65 
subunit. Western blot analysis demonstrated that ATRA did not enhance the 
protein amount of both the p50 and the p65 subunits in the nuclei. Because 
ATRA also enhances thioredoxin (TRX) gene expression, the effect of TRX 
on IL-8 gene expression was examined. IL-8 promoter activity was enhanced 
in transfected cells by the addition of TRX protein. Treatment of nuclear 
extracts with TRX also enhanced DNA- NF-kappaB complex formation as 
observed by EMSA, particularly the p65 subunit. Taking these data together, 
a novel mechanism is proposed in which ATRA activates promoter activity of 
IL-8 gene through TRX-dependent NF-kappaB activation. 
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Protein kinase C-theta (PKCtheta) is a Ca (2+) -independent PKC isoform 
that is selectively expressed in T lymphocytes (and muscle) , and is thought 
to play an important role in T cell receptor-induced activation. To gain a 
better understanding of the function and regulation of PKCtheta, we have 
employed the yeast two-hybrid system to identify PKCtheta-interacting 
proteins. We report the isolation and characterization of a cDNA encoding a 
novel 335-amino acid {37. 5-kDa) PKCtheta-interacting protein termed PICOT 
(for PKC-interacting cousin of thioredoxin ) . PICOT is expressed in 
various tissues, including in T cells, where it colocalizes with PKCtheta. 
PICOT displays an N-terminal thioredoxin homology domain, which is 
required for the interaction with PKC. Comparison of the unique C-terminal 
region of PICOT with expressed sequence tag data bases revealed two tandem 
repeats of a novel domain that is highly conserved from plants to mammals. 
Transient overexpression of full-length PICOT (but not its N- or C-terminal 
fragments) in T cells inhibited the activation of c-Jun N-terminal kinase 
(but not extracellular signal-regulated kinase), and the transcription 
factors AP-1 or NF-kappaB. These findings suggest that PICOT and its 
evolutionary conserved homologues may interact with PKC-related kinases in 
multiple organisms and, second, that it plays a role in regulating the 
function of the thioredoxin system. 
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The intracellular redox status is a tightly regulated parameter which 
provides the cell with an optimal ability to counteract the highly 
oxidizing extracellular environment. Intracellular redox homeostasis is 
regulated by thiol-containing molecules, such as glutathione and 
thioredoxin . Essential cellular functions, such as gene expression, are 
influenced by the balance between pro- and antioxidant conditions. The 
mechanism by which the transcription of specific eukaryotic genes is redox 
regulated is complex, however, recent findings suggest that redox-sensitive 
transcription factors play an essential role in this process. This review 
is focused on the recent knowledge concerning some eukaryotic transcription 
factors, whose activation and DNA binding is controlled by the thiol redox 
status of the cell. (104 Refs.) 
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Even a moderate increase in the cellular cysteine supply elevates the 
intracellular glutathione (GSH) and glutathione disulfide (GSSG) levels and 
potentiates immunological functions of lymphocytes in vitro. At low GSSG 
levels, T cells cannot optimally activate the immunologically important 
transcription factor NF kappa B, whereas high GSSG levels inhibit the DNA 
binding activity of NF kappa B. The effects of GSSG are antagonized by 
reduced thioredoxin (TRX) . As the protein tyrosine kinase activities 
p561ck and p59fyn are activated in intact cells by hydrogen peroxide, they 
are likely targets for GSSG action. These redox-regulated enzymes trigger 
signal cascades for NF kappa B activation and transduce signals from the T 
cell antigen receptor, from CD4 and CD8 molecules, and from the IL-2 
receptor beta-chain. The effector phase of cytotoxic T cell responses and 
IL-2-dependent functions are inhibited even by a partial depletion of the 
intracellular GSH pool. As signal transduction is facilitated by prooxidant 
conditions, we propose that the well-known immunological consequences of 
GSH depletion ultimately may be results of the accompanying GSSG 
deficiency. As HIV-infected patients and SIV-infected rhesus macaques have, 
on the average, significantly decreased plasma cyst(e)ine and intracellular 
GSH levels, we also hypothesize that AIDS may be the consequence of a GSSG 
deficiency as well. (79 Refs.) 
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The NF-kappa B/Rel/Dorsal (NRD) transcription factor family binds target 
DNA sequences through their conserved N-terminal basic region that contains 
a single cysteine residue flanked by basic residues. This cysteine residue 
plays a critical role in the regulation of the DNA-binding activity of NRD 
members, since chemical modifications of this residue modulate the 
DNA-binding activity of NRD members. Here we show that cellular factors 
regulate the DNA-binding activity of NRD members in vitro by 
reduction-oxidation (redox) mechanisms. Two cellular redox systems, 
thioredoxin / thioredoxin reductase and apurinic/apyrimidinic 

endonuclease (also called Redox factor-1) , independently, as well as, 
synergistically stimulate the DNA-binding activity of bacterially 
synthesized (recombinant) p50, one of the subunits of NF-kappa B that is a 
major NRD factor inducible in various types of cells. Since the mutation of 
the conserved residue (Cys61) in the N-terminal basic region of p50 impairs 
the stimulation of p50 DNA-binding activity by these redox factors, the 
regulation of p50 DNA-binding activity by these redox factors is mediated 
through this cysteine residue. It is, therefore, possible that these two 
cellular redox systems could play independent, as well as synergistic roles 
in the regulation of NF-kappa B functions in vivo through the redox control 
of their DNA-binding activity. 
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Oxidative conditions potentiate the activation of the nuclear 
transcription factor kappa B (NF kappa B) and the activator protein-1 
(AP-1) in intact cells, but inhibit their DNA binding activity in vitro. We 
now show that both the activation of NF kappa B and the inhibition of its 
DNA binding activity is modulated in intact cells by the physiological 
oxidant glutathione disulphide (GSSG) . NF kappa B activation in human T 
lineage cells (Molt-4) by 12-0-tetradecanoyl-phorbol 13-acetate was 
inhibited by dithiothreitol, and this was partly reversed by the 
glutathione reductase inhibitor 1 , 3-bis (2-chloroethyl ) -1-nitrosourea (BCNU) 
or by hydrogen peroxide, indicating that GSSG may be required for NF kappa 
B activation. These effects of BCNU and hydrogen peroxide were not seen in 
glutathione-depleted cells. However, NF kappa B and AP-1 activation were 
potentiated by dithiothreitol if added to cell cultures 1 h after the 
phorbol ester, indicating that a shift of redox conditions may support 
optimal oxidative activation with minimal inhibition of DNA binding. The 
elevation of intracellular GSSG levels by BCNU before stimulation 
suppressed the chloramphenicol acetyltransf erase expression dependent on NF 
kappa B but increased that dependent on AP-1. This selective suppression of 
NF kappa B was also demonstrable by electrophoretic mobility shift assays. 
In vitro, GSSG inhibited the DNA binding activity of NF kappa B more 
effectively than that of AP-1, while AP-1 was inhibited more effectively by 
oxidized thioredoxin . 
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The transcription factors NF-kappa B and AP-1 have been implicated in the 
inducible expression of a variety of genes involved in responses to 
oxidative stress and cellular defense mechanisms. Here, we report that 

thioredoxin , an important cellular protein oxidoreductase with 

antioxidant activity, exerts different effects on the activation of 
NF-kappa B and AP-1. Transient expression or exogenous application of 

thioredoxin resulted in a dose-dependent inhibition of NF-kappa B 
activity, as demonstrated in gel shift and transactivation experiments. 
AP-l-dependent transactivation, in contrast was strongly enhanced by 

thioredoxin . A similar increase of AP-1 activity was also observed with 
other, structurally unrelated antioxidants such as pyrrolidine 
dithiocarbamate and butylated hydroxyanisole, indicating that the 

thioredoxin -induced increase of AP-1 activation was indeed based on an 
antioxidant effect. Moreover, the stimulatory effect on AP-1 activity was 
found to involve de novo transcription of the c-jun and c-fos components 
but to be independent of protein kinase C activation. These results suggest 
that thioredoxin plays an important role in the regulation of 
transcriptional processes and oppositely affects NF-kappa B and AP-1 
activation . 
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We have investigated an oxidoreductive regulatory pathway for the DNA 
binding activity of a pleiotropic cellular transcription factor, nuclear 
factor kappa B (NF kappa B) , has been investigated by using NF kappa B 
prepared from the nucleus and the cytosol of the primary human T 
lymphocytes. We show that a cellular reducing catalyst thioredoxin (Trx) 
plays a major role in activation of the DNA binding of NF kappa B in vitro 
and stimulation of transcription from the NF kappa B-dependent gene 
expression. We demonstrate evidence suggesting that redox regulation of NF 
kappa B by Trx might be exerted at a step after dissociation of the 
inhibitory molecule I kappa B, a cytosolic-anchoring protein for NF kappa 
B. To examine the effect of Trx in intact cells, we performed transient 
assay with a chloramphenicol acetyltransf erase-expressing plasmid under the 
control of human immunodeficiency virus (HIV) long terminal repeat and an 
effector plasmid expressing human Trx. The promoter activity from HIV long 
terminal repeat was greatly augmented by co-transf ecting the Trx-expressing 
plasmid, whose effect was dependent on the NF kappa B-binding sites. These 
findings have suggested that cysteine residue (s) of NF kappa B might be 
involved in the DNA-recognition by NF kappa B and that the redox control 
mechanism mediated by Trx might have a regulatory role in the NF kappa 
B-mediated gene expression. These results may also provide a clue to 
understanding of the molecular process of AIDS pathogenesis and its 
possible biochemical intervention. 
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We show that AP-1 is an antioxidant-responsive transcription factor. DNA 
binding and transactivation by AP-1 were induced in HeLa cells upon 
treatment with the antioxidants pyrrolidine dithiocarbamate (PDTC) and 
N-acetyl-L-cysteine (NAC) , and upon transient expression of the 
antioxidative enzyme thioredoxin . While PDTC and NAC enhanced DNA binding 
and transactivation of AP-1 in response to phorbol ester, the oxidant H202 
suppressed phorbol ester activation of the factor. H202 on its own was only 
a weak inducer of AP-1. Activation of AP-1 by PDTC was dependent on protein 
synthesis and involved transcriptional induction of c-jun and c-fos genes. 
Transcriptional activation of c-fos by PDTC was conferred by the serum 
response element, suggesting that serum response factor and associated 
proteins function as primary antioxidant-responsive transcription factors. 
In the same cell line, the oxidative stress-responsive transcription factor 
NF- kappa B behaved in a manner strikingly opposite to AP-1. DNA binding and 
transactivation by NF-kappa B were strongly activated by H202, while the 
antioxidants alone were ineffective. H202 potentiated the activation of 
NF-kappa B by phorbol ester, while PDTC and NAC suppressed PMA activation 
of the factor. PDTC did not influence protein kinase C (PKC) activity and 
PKC activation by PMA, indicating that the antioxidant acted downstream of 
and independently from PKC. 
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A role for redox regulation in activation of the NF-kappa B transcription 
factor was suggested by the observation that DNA binding activity of free 
protein, but not preformed DNA-protein complex, is inhibited by -SH 
modifying agents but enhanced by reducing agents. Mutagenesis of conserved 
cysteine residues in the p50 subunit identified amino acid 62 as being 
important for DNA binding, as a serine substitution at this position 
reduces DNA binding affinity, but renders the protein insensitive to -SH 
modifying agents. DNA binding activity of the wild type protein but not the 
amino acid 62 mutant was also stimulated by thioredoxin while detection 
of disulphide cross linked dimers in p50 but not the amino acid 62 mutant 
suggests that thioredoxin stimulates DNA binding by reduction of a 



disulphide bond involving cysteine 62. The physiological relevance of these 
findings was supported by the observation that cotransf ection of a plasmid 
expressing human thioredoxin and an HIV LTR driven reporter construct 
resulted in an NF-kappa B dependent increase in expression of the reporter 
gene. Thus modification of p50 by thioredoxin , a gene induced by 
stimulation of T-lymphocytes in parallel with NF-kappa B translocation, is 
a likely step in the cascade of events leading to full NF-kappa B 
activation . 
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Transcription from the human immunodeficiency virus type 1 (HIV-1) 
provirus is activated by a cellular factor, NF kappa B, recognizing the 
tandemly repeated 10-base-pair sequences, termed the kappa B sequence, 
present in the enhancer region within the viral long terminal repeat (LTR) . 
Using electrophoretic mobility shift assay (EMSA) , which demonstrates 
specific DNA-protein interaction in vitro, we could demonstrate that 
reducto-oxidative modulation of NF kappa B dramatically changes its DNA 
binding activity and that a cellular physiological reducing catalyst, 
thioredoxin (TRX) also known as adult T cell leukemia derived factor 
(ADF) , fully restored the DNA-binding activity of the oxidized NF kappa B. 
We also observed that purified TRX/ADF protein could augment gene 
expression from HIV LTR as demonstrated by transient chloramphenicol 
acetyltransf erase (CAT) assay. These observations confirmed the previous 
notion that ADF might be an inducing factor of cellular interleukin-2 
receptor alpha subunit (IL-2R alpha) through the kappa B sequence that is a 
common central cis-regulatory element in both IL-2R alpha and HIV gene 
expression. These observations indicate that reducto-oxidative regulation 
(or redox regulation) of a cysteine residue (s) on the NF kappa B molecule 
might play an important role in its specific DNA interaction and that it 
might provide a clue to the understanding of a pathway of cellular signal 
transduction to NF kappa B that is independent from the known pathways 
involving protein phosphorylation. 
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Purification, crystallization and preliminary X-ray analysis of an 
unusual thioredoxin from the gastric pathogen Helicobacter pylori. 
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Thioredoxin-2 (HP1458) from Helicobacter pylori is a member of the 
thioredoxin family, but possesses the unusual active-site motif CPDC 
(compared with CGPC in other thioredoxins ) . H. pylori is deficient in the 



glutaredoxin system, making the thioredoxin system the sole reduction 
system in the bacterium and critical for its ability to survive oxidative 
stress. The recombinant protein has been overexpressed, purified and 
crystallized. This is the first reported crystallization of a thioredoxin 
possessing this unusual active site. Single crystals have been obtained 
using the sitting-drop technique. Crystals diffract to 2 . 4 A resolution and 
belong to space group P4(l) f with unit-cell parameters a = b = 40.21, c = 
64.65 A. Molecular replacement using AMoRe proved unsuccessful; however, 
implementation of the program BEAST gave successful molecular-replacement 
solutions . 
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A novel thioredoxin-like protein located in the chloroplast is induced by 
water deficit in Solanum tuberosum L. plants. 
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By analysing two-dimensional patterns of chloroplas tic proteins from 
Solanum tuberosum, the authors observed the accumulation of a 32-kDa 
polypeptide in the stroma of plants subjected to water deficit. N-terminus 
and internal peptides of the protein, named CDSP 32 for chloroplastic 
drought-induced stress protein, showed no obvious homology with known 
sequences. Using a serum raised against the protein N-terminus, a cDNA 
encoding CDSP 32 was cloned by screening an expression library. The deduced 
mature CDSP 32 protein is 243 amino acids long and displays typical 
features of thioredoxins in the C-terminal region (122 residues). In 
particular, CDSP 32 contains a CGPC motif corresponding to a thioredoxin 
active site and a number of amino acids conferring thioredoxin-type 
structure. The CDSP 32 C-terminal region was expressed as a fusion protein 
in Escherichia coli and was shown to possess thioredoxin activity based on 
reduction assay of insulin disulfide bridges. RNA blot analysis showed that 
CDSP 32 transcript does not accumulate upon mild water deficit conditions 
corresponding to leaf relative water contents (RWC) around 85%, but high 
levels of CDSP 32 transcripts were observed for more severe stress 
conditions (RWC around 70%) . In vivo labelling and immunoprecipitation 
revealed a substantial increase in CDSP 32 synthesis upon similar stress 
conditions. Rewatering of wilted plants caused decreases in both transcript 
and protein abundances. In tomato wild-type plants and ABA-def icient 
mutants, a similar accumulation of a CDSP 32-related transcript was 
observed upon water deficit, most likely indicating no requirement for ABA 
in the regulation of CDSP 32 synthesis. Based on these results, it is 
proposed that CDSP 32 plays a role in preservation of the thiol: disulfide 
redox potential of chloroplastic proteins during water deficit. 
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Molecular cloning and expression of a cDNA encoding a human 
thioredoxin-like protein. 
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This report describes the cloning of a human cDNA that encodes a new 
protein (Txl, Thioredoxin-like) that belongs to the expanding family of 
thioredoxins based on sequence comparison of the deduced amino acid 
sequence. This cDNA, with a total length of 1,278 bp, consists of 205 bp of 
5 1 -untranslated sequence (including an in frame stop codon) , an open 
reading frame of 870 bp and a 203 bp fragment of 3 ' -untranslated sequence. 
The coding sequence predicts a protein of 289 amino acids with two distinct 
domains: an N-terminal domain of 105 residues homologous to the rest of 
mammalian thioredoxins containing the conserved active site ( CGPC ) and a 
C-terminal domain of 184 residues with no homology with any other protein 
in the database. Northern blot analysis indicates that the txl probe 
hybridizes to a 1.3 Kb mRNA and is ubiquitously expressed in human tissues 
with the highest expression in stomach, testis and bone marrow. 
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Microscopic pKa values of Escherichia coli thioredoxin. 
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Thiol : disulfide oxidoreductases have a CXXC motif within their active 
sites. To initiate the reduction of a substrate disulfide bond, the 
thiolate form of the N-terminal cysteine residue (CXXC) of this motif 
performs a nucleophilic attack. Escherichia coli thioredoxin [Trx ( CGPC )] 
is the best characterized thiol : disulfide oxidoreductase . Previous 
determinations of the active-site pKa values of Trx have led to conflicting 
interpretations. Here, 13C-NMR spectroscopy, site-specific isotopic 
labeling, and site-directed mutagenesis were used to demonstrate that 
analysis of the titration behavior of wild-type Trx requires the invocation 
of microscopic pKa values for two interacting active-site residues: Asp26 
(7.5 and 9.2) and Cys32 (CXXC; 7.5 and 9.2). By contrast, in two Trx 
variants, D26N Trx and D26L Trx, Cys32 exhibits a pKa near 7.5 and has a 
well-defined, single-pKa titration curve. Similarly, in oxidized wild-type 
Trx, Asp26 has a pKa near 7.5. In CVWC and CWGC Trx, Cys32 exhibits a 
single pKa near 6.2. In all five enzymes studied here, there is no evidence 
for a Cys35 (CXXC) pKa of < 11. This study demonstrates that a 
comprehensive approach must be used to unravel complex titration behavior 
of the functional groups in a protein. 
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The CXXC motif: a rheostat in the active site. 
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The active-site CXXC motif of thiol : disulfide oxidoreductases is 
essential for their catalysis of redox reactions. Changing the XX residues 
can perturb the reduction potential of the active-site disulfide bond of 
the Escherichia coli enzymes thioredoxin (Trx; CGPC ) and DsbA (CPHC) . The 
reduction potential is correlated with the acidity of the N-terminal 
cysteine residue of the CXXC motif. As the pKa is lowered, the disulfide 
bond becomes more easy to reduce. A change in pKa can account fully for a 



change in reduction potential in well-characterized CXXC motifs of DsbA but 
not of Trx. Formal analysis of the Nernst equation reveals that reduction 
potential contains both pH-dependent and pH-independent components. Indeed, 
the difference between the reduction potentials of wild-type Trx and 
wild-type DsbA cannot be explained solely by differences in thiol pKa 
values. Structural data for thiol : disulfide oxidoreductases reveal no 
single factor that determines the pH-independent component of the reduction 
potential. In addition, the pH-dependent component is complex when the 
redox state of the CXXC motif affects the titration of residues other than 
the thiols. These intricacies enable CXXC motifs to vary widely in their 
capacity to assist electron flow, and thereby engender a family of 
thiol : disulfide oxidoreductases that play diverse roles in biochemistry. 
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Long-term clinical performance and longevity of gold alloy vs ceramic 
partial crowns . 
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Cast gold partial crowns ( CGPC ) are an accepted means of restoring 
posterior teeth. For aesthetic reasons, gold alloys are being increasingly 
substituted with ceramics. The aim of the present study was to investigate 
retrospectively the long-term clinical performance and survival of CGPC 
and compare the results to the ones already reported for ceramic partial 
crowns (CPC) . The CGPC group consisted of 42 patients (24 male, 18 
female) randomly sampled from a total of 106 patients with CGPC , with one 
restoration per patient. The CPC group consisted of 22 patients with a 
total of 42 restorations. Both types of restoration were done by one 
experienced dentist. Another two experienced dentists who were not involved 
in performing the restorations rated both kinds of partial crowns using the 
modified United State Public Health Service (USPHS) criteria [14] . The 
Median age of the CGPC was 57 months (range 3-157) and of the CPC and 63 
months (range 24-72). Forty-one (98%) of the CGPC and 27 (64%) of the CPC 
were placed in molars, the rest in premolars. In each group, 40 (95%) 
restorations were still functioning without any necessity of replacement. 
Two teeth with CGPC , in situ for 4.5 and 11 years, respectively, had been 
extracted for periodontal reasons. Two CPC fractured and had to be replaced 
after 2 and 6.5 years in situ. The USPHS criteria results were similarly 
good for the gold and ceramic groups. Kaplan-Meier analysis revealed 



survival probabilities of 72+/-21% and 96+/~4% after 13 and 7 years, 
respectively, for the CGPC . Survival of the CPC was 81+/-15% after 7 
years. No statistically significant difference among survival functions of 
CGPC and CPC was found. From this data, it can be concluded that the 
longevity of CPC is not inferior to that of gold alloys. However, more 
long-term studies comparing the clinical performance and longevity of these 
two types of indirect restoration in the posterior region with larger 
numbers of restorations are desirable. 
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The CXC motif: a functional mimic of protein disulfide isomerase. 
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Protein disulfide isomerase (PDI) utilizes the active site sequence 
Cys-Gly-His-Cys (CGHC; E degrees 1 = -180 mV) to effect thiol-disulfide 
interchange during oxidative protein folding. Here, the Cys-Gly-Cys-NH ( 2 ) 
(CGC) peptide is shown to have a disulfide reduction potential (E degrees 1 
= -167 mV) that is close to that of PDI. This peptide has a thiol acid 
dissociation constant (pK(a) =8.7) that is lower than that of glutathione. 
These attributes endow the CGC peptide with substantial disulfide 
isomerization activity. Escherichia coli thioredoxin (Trx) utilizes the 
active site sequence Cys-Gly-Pro-Cys ( CGPC ; E degrees ' = -270 mV) to 
effect disulfide reduction. Removal of the proline residue from the Trx 
active site yields a CGC active site with a greatly destabilized disulfide 
bond (E degrees 1 >or= -200 mV) . The DeltaP34 variant retains high 
conformational stability and remains a substrate for thioredoxin reductase. 
In contrast to the reduced form of the wild-type enzyme, the reduced form 
of DeltaP34 Trx has disulfide isomerization activity, which is 25-fold 
greater than that of the CGC peptide. Thus, the rational deletion of an 
active site residue can bestow a new and desirable function upon an enzyme. 
Moreover, a CXC motif, in both a peptide and a protein, provides functional 
mimicry of PDI. 
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The dithiol protein tryparedoxin is a component of the unique 
trypanothione/trypanothione reductase metabolism of trypanosomatids and is 
involved in the parasite synthesis of deoxyribonucleotides and the 
detoxication of hydroperoxides. Tryparedoxin is a highly abundant protein 
in all life stages of Trypanosoma brucei, the causative agent of African 
sleeping sickness. As shown here, its functional properties are 
intermediate between those of classical thioredoxins and glutaredoxins . The 
redox potential of T. brucei tryparedoxin of -24 9 mV was determined by 
protein-protein redox equilibration with Escherichia coli thioredoxin. The 
trypanothione/tryparedoxin couple is probably the most significant factor 
determining the cytosolic redox potential of the parasites. The pK value of 
Cys(40), the first thiol in the WCPPC motif, is 7.2 as derived from the 
thiolate absorption at 240 nm and the rate of carboxymethylation . 
Alteration of the active site into that of thioredoxin ( CGPC ) did not 
affect the pK value. In contrast, in the mutant with the glutaredoxin motif 
(CPYC) the pK dropped to < or =4.0. The fact that the pK value of 
tryparedoxin coincides with the intracellular pH of the parasite may 
contribute to the reactivity of tryparedoxin in thiol disulfide exchange 
reactions . 
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Stimulated by a number of general practitioners and with the support of the 
Canadian Medical Association, the College of General Practitioners of 
Canada ( CGPC ) was founded in 1954. In 1962, conferences on education for 
general practice attended by the Association of Canadian Medical Colleges 
and the CGPC led to pilot postgraduate residencies in family practice 
supported by Department of Nati onal Health and Welfare. The first 
certification examination was held in 1969 and, by 1974, all Canadian 
medical schools had a family medicine residency program. Today departments 
of family medicine contribute substantially to undergraduate education in 
all 16 schools. In Canada, the medical profession, governments and the 
medical schools have demonstrated the importance they place on appropriate 
education for family physicians. 
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Differential expression of type I hair keratins . 
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The hair follicle provides an excellent system in which to study growth 
and differentiation. Hair keratins are useful tissue-specific molecular 
markers for these events. By comparing a second mouse Type I hair keratin 
cDNA clone, MHKA-2, with our previously described MHKA-1, we have been able 
to contrast the nucleotide sequences and corresponding deduced amino acid 
sequences of the smallest (mHa4) and the largest (mHal) major Type I hair 
keratins. Both nucleotide sequences and both deduced amino acid sequences 
share high identity but have distinct segments suitable for generation of 
specific molecular probes. Comparison of amino acid sequences adjacent to 
the central helical domains has demonstrated homologous subdomains, 
designated HI and H2, in the Type I hair keratin nonhelical termini. 
Although there is only 56% amino acid identity in the carboxy-terminal 

nonhelical domains, a common sequence, T CGPC R, has been 

identified in this domain, suggesting a possible common functional role for 
this portion of the molecule. In addition, it appears that mHa4 may differ 
in part from mHal by deletion of a segment between the H2 subdomain and the 
conserved sequence. Staining of mouse and human hair follicles with AmHal, 
a monospecific polyclonal antibody for mHal, and AE13, an antibody specific 
for all Type I hair keratins, suggests differential expression of 
individual Type I hair keratins in both species. This supports our 
hypothesis that distinct functional requirements are satisfied by the 
multiplicity of hair keratins. 
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Interleukin-15 + thioredoxin induce DNA synthesis in B-chronic 
lymphocytic leukemia cells but not in normal B cells. 
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Department of Pathology, University of Uppsala, University Hospital, 
Sweden . 
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We have previously shown that Staphylococcus aureus Cowan strain 1 
particles (SAC) + thioredoxin (Trx) + IL-2 may induce B-chronic lymphocytic 
leukemia (B-CLL) cells to proliferate. In this paper we have examined 
IL-15, which has activities similar to IL-2, for its ability to stimulate 
B-CLL cells and compared its activity with that of IL-2. We found that 
B-CLL cells could be induced to DNA synthesis upon treatment with IL-15 + 
Trx. The presence of Trx was essential for the IL-15-induced DNA synthesis. 
This contrasts to the effect of IL-15 + Trx on normal CD5+ and CD5- B 
cells, where IL-15 + Trx alone only induced limited DNA synthesis. IL-15 
was as effective in the induction of DNA synthesis in B-CLL cells as IL-2, 
but about 100-fold less potent with an EC50 of 200 ng/ml . In addition we 
found that the IL-15 + Trx-induced proliferation was inhibited by CD40 
stimulation. We conclude that IL-15 together with a proper costimulus can 
induce B-CLL cells to proliferate in vitro. 
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Proline, ascorbic acid, or thioredoxin affect jaundice and mortality in 
Long Evans cinnamon rats . 

Hawkins R L; Mori M; Inoue M; Torii K 
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The Long Evans Cinnamon (LEC) rat spontaneously develops fulminant 
hepatitis, which is usually lethal due to excess copper accumulation in the 
liver and is considered an animal model of Wilson 1 s disease. LEC rats show 
a strong appetite for proline solution. Daily oral (p.o.) administration of 
proline resulted in significant delay of mortality. Feeding a 
copper-deficient diet greatly delayed the onset of jaundice and mortality 
and voluntary consumption or p.o. administration of proline further delayed 
jaundice and prevented mortality. LEC rats also consume ascorbic acid 
solutions, and p.o. administration of ascorbate also results in a 
significant delay in the appearance of jaundice and mortality. Combined 
treatment with ascorbic acid and proline is additive to delay further 
jaundice and mortality. An endogenous antioxidant protein, thioredoxin, 
when infused by minipump IP, could also inhibit the incidence of jaundice. 
These results indicate that antioxidant treatment combined with proline may 
be of benefit in Wilson's disease and possibly other forms of hepatic 
dysfunction . 
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[Experimental and clinical aspects of oxidative stress and redox 
regulation] 
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Although excess amounts of oxidative stress damage proteins and 
nucleotides, small amounts of oxidative stress transduce intracellular 
signals for cellular activation, differentiation and proliferation. 



Reduction/oxidation (redox) regulation is defined as a biological response 
to maintain homeostasis against oxidative stress. Thioredoxin, a 12 kD 
small protein with a redox-active di thiol/disulfide in the conserved active 
site: -Cys-Gly-Pro-Cys-, is a key molecule for redox regulation as well as 
glutathione (GSH) . Thioredoxin is induced by a variety of oxidative stresses 
and secreted from cells. Thioredoxin plays crucial roles as a 
redox-regulator of intracellular signal transduction and as a radical 
scavenger. Plasma levels of thioredoxin are good biomarkers for oxidative 
stress. Thioredoxin-transgenic mice are more resistant to cerebral 
infarction, infection or inflammation and survive longer than control mice. 
Administration of thioredoxin may have a good potential for anti-aging and 
anti-stress effects. Redox regulation mechanisms by thioredoxin and other 
thioredoxin family members will clarify the pathophysiology of oxidative 
stress-associated disorders. (15 Ref s . ) 
Tags : Human 

Descriptors: ^Oxidation-Reduction; ^Oxidative Stress; ^Thioredoxin; 
Animals; Antioxidants; Biological Markers--blood — BL; Cerebral Infarction 
--drug therapy — DT; Cerebral Infarction — etiology--ET; Inflammation — drug 
therapy — DT; Inflammation — etiology — ET; Infusions, Intravenous; Mice; 
Mice, Transgenic; Oxidative Stress — physiology — PH; Reperfusion Injury 
— drug therapy — DT; Reperfusion Injury — etiology — ET; Thioredoxin 
— administration and dosage — AD; Thioredoxin — blood — BL; Thioredoxin 
— genetics — GE 

CAS Registry No.: 0 (Antioxidants); 0 (Biological Markers); 
52500-60-4 (Thioredoxin) 

Record Date Created: 20030414 
Record Date Completed: 20030602 



5/9/4 

DIALOG (R) File 155 : MEDLINE ( R) 

(c) format only 2004 The Dialog Corp. All rts . reserv. 

11594094 PMID: 11742067 

Circulating thioredoxin suppresses lipopolysaccharide-induced neutrophil 
chemo taxis . 
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Thioredoxin (Trx) , a redox enzyme with a conserved active site 
(Cys-32-Gly-Pro-Cys-35) , is induced and secreted into circulation in 
response to inflammation. Studies here demonstrate that elevating Trx 
levels in circulation either by i.v. injection of recombinant Trx or 
stimulating Trx release in Trx-transgenic mice dramatically blocks 
lipopolysaccharide (LPS ) -stimulated neutrophil migration in the murine air 
pouch chemotaxis model. Furthermore, we show that leukocyte recruitment 
induced by the murine chemokines KC/GROalpha, RANTES (regulated upon 
activation, normal T cell expressed and secreted) , and monocyte 
chemoattractant protein-1 (MCP-1) is suppressed also in Trx-transgenic 
mice. Addressing the mechanism responsible for this suppression, we show 
that circulating Trx blocks (i) the LPS-stimulated in vitro activation of 
neutrophil p38 mitogen-activated protein kinase, (ii) the normal 
down-regulation of CD62L on neutrophils migrating into the LPS-stimulated 
air pouch, and (iii) the in vitro adhesion of LPS-activated neutrophils on 
endothelial cells. However, as we also show, Trx does not alter the 
expression of endothelial cell adhesion molecules (intercellular adhesion 



molecule-1, vascular cell adhesion molecule-1, CD62P, and CD62E) within 3 
h. Collectively, these findings indicate that elevated levels of 
circulating Trx interfere with chemotaxis by acting directly on 
neutrophils. We discuss these findings in the context of recent studies 
reporting beneficial effects of acutely elevated Trx in ischemic injury and 
negative effects associated with chronically elevated Trx in HIV disease. 
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Activation of oxidized cysteine proteinases by thioredoxin-mediated 
reduction in vitro. 
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Activity of the cysteine adducts of the cysteine proteinases papain and 
thaumatopain can be recovered by treatment with thioredoxin, thioredoxin 
reductase and NADPH. Recovery of proteinase activity did not occur if any 
of the components of the thioredoxin system were omitted, or if thioredoxin 
or thioredoxin reductase were heat-inactivated. Such an enzyme-mediated 
process may be of significance in the recovery of cysteine proteinases 
inactivated by oxidative attack. 
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Amelioration of ischemia-reperfusion injury by human thioredoxin in 
rabbit lung. 
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University, Japan. 
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Human thioredoxin is a polypeptide with thiol groups, possessing reducing 
activity, which is proved to have the ability to reduce active oxygens. 
This study evaluated the effect of human thioredoxin on the 
ischemia-reperfusion lung injury and the roles of human thioredoxin on 
active oxygens by chemiluminescence examination. The left hilum of the lung 
of Japanese white rabbits was occluded for 110 minutes and then reperfused 
for 90 minutes. Ten, 30, 60, and 90 minutes after reperfusion the right 
hilum was occluded for 5 minutes and the pulmonary functions of the left 
lung were examined. The animals were divided into four groups, three 
ischemia groups and a sham group (without occlusion; n = 6) . The ischemia 
groups received human thioredoxin, 60 mg/kg (n = 10), N-acetylcysteine, 150 
mg/kg (n = 7), or saline solution (control, n = 10) during reperfusion. 
Three rabbits in the human thioredoxin group and the control group were 
used to measure active oxygens with a cypridina luciferin analog. An 
additional group of reperfused lungs (n = 3) that were given superoxide 
dismutase after 110 minutes of ischemia was established to identify 
chemiluminescence examination. Compared with the sham group, reperfusion 
after 110 minutes of ischemia produced a significant lung injury in the 
control group. Among the ischemia groups, the human thioredoxin group 
showed significantly higher arterial oxygen tension at 30, 60, and 90 
minutes after reperfusion than the control group, although there was no 
significant difference between the N-acetylcysteine and control groups. 
Histologically, intraalveolar exudation, interstitial thickening, and 
cellular infiltration were seen in the control group, whereas in the 
thioredoxin group alveolar structure was well preserved. In the measurement 
of active oxygens the chemiluminescence in the human thioredoxin group was 
less than that in the control group and as little as that in the group 
administered superoxide dismutase. We concluded human thioredoxin 
attenuated ischemia-reperfusion injury by involving active oxygens in 
rabbit lungs. 
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Proline, ascorbic acid, or thioredoxin affect jaundice and mortality in 
Long Evans cinnamon rats . 
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The Long Evans Cinnamon (LEC) rat spontaneously develops fulminant 
hepatitis, which is usually lethal due to excess copper accumulation in the 
liver and is considered an animal model of Wilson's disease. LEC rats show 
a strong appetite for proline solution. Daily oral (p.o.) administration of 
proline resulted in significant delay of mortality. Feeding a 
copper-deficient diet greatly delayed the onset of jaundice and mortality 
and voluntary consumption or p.o. administration of proline further delayed 
jaundice and prevented mortality. LEC rats also consume ascorbic acid 
solutions, and p.o. administration of ascorbate also results in a 
significant delay in the appearance of jaundice and mortality. Combined 
treatment with ascorbic acid and proline is additive to delay further 
jaundice and mortality. An endogenous antioxidant protein, thioredoxin, 
when infused by minipump IP, could also inhibit the incidence of jaundice. 
These results indicate that antioxidant treatment combined with proline may 
be of benefit in Wilson f s disease and possibly other forms of hepatic 
dysfunction . 
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Attenuation of ischaemia reperfusion injury by human thioredoxin. 

Fukuse T; Hirata T; Yokomise H; Hasegawa S; Inui K; Mitsui A; Hirakawa T; 
Hitomi S; Yodoi J; Wada H 

Department of Thoracic Surgery, Kyoto University, Japan. 

Thorax ( ENGLAND) Apr 1995, 50 (4) p387-91, ISSN 0040-6376 
Journal Code: 0417353 

Document type: Journal Article 

Languages : ENGLISH 

Main Citation Owner: NLM 

Record type: Completed 

Subfile: INDEX MEDICUS 

BACKGROUND — Active oxygen species are thought to play a part in ischaemia 
reperfusion injury. The ability of a novel agent, human thioredoxin (hTRX) , 



to attenuate lung damage has been examined in a rat model of ischaemia 
reperfusion injury. METHODS — Twenty eight animals were studied. At 
thoracotomy the left main bronchus and the left main pulmonary artery were 
clamped for 75 minutes and the lung was then reperfused for 20 minutes. 
Phosphate buffered saline was administered intravenously to nine control 
animals and hTRX (30 micrograms/g body weight) was given intravenously to 
another group of nine animals. Two experiments were carried out. The first 
(Exp 1) was a time matched pair experiment (five treated, five controls), 
and the second (Exp 2) was performed under controlled conditions (four 
treated, four controls; temperature 25 degrees C, humidity 65%) . In another 
10 nonischaemic rats and those in Exp 1 biochemical measurements of lipid 
peroxide, superoxide dismutase, and glutathione peroxide levels were 
performed. RESULTS — In both experiments rats perfused with hTRX survived 
longer than controls. In Exp 1 the arterial oxygen tension (Pa02) on air in 
the hTRX group was higher at 20 minutes than at one minute after 
reperfusion. In Exp 2 Pa02 at 20 minutes was higher in the hTRX group than 
in the controls. Lipid peroxide, superoxide dismutase, and glutathione 
peroxide levels in the control group were higher than in the hTRX group and 
in the non-ischaemic groups. Histological examination showed less 
thickening and oedema of the alveolar walls in the hTRX group than in 
controls. CONCLUSIONS — These results suggest that hTRX is effective as a 
radical scavenger and can limit the extent of ischaemia reperfusion injury 
of the lungs of experimental animals. 
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In retinitis pigmentosa, retinal detachment, age-related macular 
degeneration, and glaucoma, retinal neuronal cells are damaged by a common 
mechanism, apoptosis . Because apoptosis is an active process that requires 
de novo expression of a "death message", this process can be controlled by 
inhibiting the expression of the "death message". We first studied whether 
a retinal ischemia-reperf usion model can be used as a model for retinal 
neuronal apoptosis. In the retinal ischemia-reperf usion injuries, typical 
features of apoptosis, including TUNEL-positive cells, DNA ladder 
formation, and ultrastructural features of apoptosis were found. Using the 
model, systematic research to identify the "death message" was done by DNA 
microarray analysis. About 200 messages were found to be up- or 
down-regulated during the process of retinal ischemia-reperf usion . These 
genes were divided into four groups: (1) transcription factor genes, (2) 
cell cycle-related genes, (3) reactive oxygen scavenger genes and (4) 
molecular chaperon genes. The possible roles of such genes in neuronal 
apoptosis following retinal ischemia-reperf usion injury were studied. In 
the model, reactive oxygen species produced by reper fusion was found to 
generate lipid peroxides and induced up-regulation of a transcription 
factor, c-Jun, that further induced aberrant expression of cell 
cycle-related genes such as cyclin Dl in amacrine cells. However, because 
no controlled expression of cell cycle-related genes takes place in retinal 
neurons, amacrine cells died by a Gl arrest mechanism. On the other hand, 
horizontal cells never expressed cyclin Dl and the cells were found to die 
by necrosis. The study revealed a possible mechanism of retinal neuronal 
apoptosis and it also became apparent that different types of neurons use 
different "death messages". Furthermore, the possibility that inhibition of 
a "death message" sometimes induces necrosis rather than apoptosis was 
shown. This means that we need to try inhibition of the death mechanism 
upstream rather than downstream. Administration of thioredoxin, an 
endogenous reactive oxygen species that blocks generation of lipid 
peroxides and thus inhibits the death process upstream, was found to be 
neuroprotective against retinal ischemia-reperf usion injury. Aberrant 
expression of c-Jun and cyclin Dl was down-regulated by the treatment. 
Possible roles of caspases were also studied by using the 
ischemia-reperfusion injury, RCS rat, and excessive light exposure damage 
in wild type and caspase-1 deficient mice. Also, application of 
adeno-associated virus that carries Bcl-xL was tested to find possible 
neuroprotective effects on RCS rats. Our studies showed that caspase-1 
played a more important role in the retinal photoreceptors and caspase-3 
was important in neurons in the inner nuclear layer. Caspase-2 was found to 
be a major caspase in the retinal ganglion cell layer. In agreement with 
the findings, caspase-1 deficient mice showed less prominent light damage 
than wild type mice. Gene therapy by Bcl-xL was effective to protect 
retinal photoreceptor damage in RCS rats. (59 Ref s . ) 
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Compelling evidence has suggested that oxidative stress mediates various 
cellular responses, and control of reduction/oxidation (redox) is important 
in maintaining the homeostasis of an organism. The thioredoxin (TRX) 
system, as well as the glutathione system, is one of the key systems in 
controlling cellular redox status. TRX is a small ubiquitous protein with 
the redox-active site sequence -Cys-Gly-Pro-Cys- . It has been demonstrated 
to be a multifunctional protein, which has regulatory roles in cellular 
signaling and gene transcription in addition to cytoprotective activities 
through the quenching of reactive oxygen species. Various oxidative 
stimuli, such as UV irradiation, cytokines and some chemicals, promptly 
induce the expression of TRX. Overexpression of TRX correlates with a wide 
variety of oxidative stress conditions and, in some cases, TRX has shown 
promising effects for clinical use, for instance in the attenuation of 
tissue injury in ischemia reperfusion models. The modulation of TRX 
functions in association with other redox-regulatory molecules should give 
us a new therapeutic strategy in the treatment of oxidative stress-mediated 
disorders and diseases. (60 Refs.) 
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PURPOSE: To investigate whether lipid peroxides play a role in retinal 
cell death due to ischemia-reperfusion injury, whether recombinant human 
thioredoxin (rhTRX) treatment reduces production of lipid peroxides of the 
retina, and whether such treatment reduces the number of cells expressing 



c-Jun and cyclin Dl . METHODS: Retinal ischemia was induced in rats by 
increasing the intraocular pressure to 110 mm Hg for 60 minutes. After 
reperfusion, immunohistochemical staining for lipid peroxide, 
peroxynitrite, c-Jun, and cyclin Dl and propidium iodide (PI) staining were 
performed on retinal sections from animals treated intravenously with and 
without rhTRX, a free radical scavenger. Quantitative analyses of PI-, 
c-Jun-, and cyclin Dl-positive cells were performed after the ischemic 
insult. Concentration of lipid peroxides in the retina was determined by 
the thiobarbituric acid assay. RESULTS: Specific immunostaining for lipid 
peroxides was seen in the ganglion cell layer at 6 hours after reperfusion, 
in the inner nuclear layer at 12 hours, and in the outer nuclear layer at 
48 hours. Time course studies for Pi-positive cells in the three nuclear 
layers coincided with those of specific immunostaining for lipid peroxides. 
The specific immunostaining was weakened by pre- and posttreatment with 0.5 
mg of rhTRX. The number of PI-, c-Jun-, and cyclin Dl-positive cells and 
the concentration of lipid peroxides were significantly decreased by 
treatment with rhTRX compared with those of vehicle-treated control rats 
(P: < 0. 01). CONCLUSIONS: Lipid peroxides formed by free radicals may play 
a role in neuronal cell death in retinal ischemia-reperf usion injury. 
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Thioredoxins are proteins, typically with a molecular mass of 12 kDa, 
that are widely, if not universally, distributed in the animal, plant, and 
bacterial kingdoms. Thioredoxins undergo reversible redox change through a 
disulfide group (S-S — >2 SH) . Two cellular reductants — reduced ferredoxin 
and NADPH--supply the equivalents for reduction via different enzymes. The 
nature of the reductant serves as a basis for distinguishing and naming the 
two thioredoxin systems, which are discussed below in relation to their 
possible application in technology and medicine. Most of the discussion is 
referenced by general reviews. In the section dealing with animal cells, 
however, much of the material is quite recent. Thus, there, and elsewhere 
to a lesser extent, previously uncited studies are assigned specific 
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10 


THIOREDOXIN 


--CLASSIFICATION --CL 


E14 


11 


THIOREDOXIN 


--DRUG EFFECTS --DE 


E15 


584 


THIOREDOXIN 


--GENETICS — GE 
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30 


THIOREDOXIN 


— IMMUNOLOGY — IM 


E17 


105 


THIOREDOXIN 


— ISOLATION AND PURIFICATION 


E18 


926 


THIOREDOXIN 


— METABOLISM — ME 


E19 


1 


THIOREDOXIN 


— PHARMACOKINETICS — PK 


E20 


201 


THIOREDOXIN 


— PHARMACOLOGY — PD 


E21 
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THIOREDOXIN 


--PHYSIOLOGY — PH 
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THIOREDOXIN 
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THIOREDOXIN 
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THIOREDOXIN 
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| ExPASv Home page 


Site Map 


Search ExPASv 
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Proteomics tools 


Swiss-Prot | 


Search | Swiss Prot/TrEMBL _jr_] for |thioredoxin Helicobacter Go 


Clear 





Welcome to the SIB BLAST Network Service 

If results of this search are reported or published, please mention that 
the computation was performed at the SIB using the BLAST network service. 
The SIB BLAST network service uses a server developed at SIB and the NCBI 
BLAST 2 software. 

In case of problems, please read the online BLAST help . 

If your question is not covered, please contact < helpdesk@expasy . org > . 

NCBI BLAST program reference [PMID: 9254694 ] : 

Altschul S.F., Madden T.L., Schaffer A. A. , Zhang J., Zhang Z., Miller W. f 
Lipman D.J. Gapped BLAST and PS I -BLAST: a new generation of protein 
database search programs. Nucleic Acids Res. 25:3389-3402(1997). 



Query length: 106 AA 

Date run: 2004-09-03 15:26:05 UTC+0100 on sib-gml . unil . ch 
Program: NCBI BLASTP 1 . 5 . 4 -Paracel [2003-06-05] 
Database: EXPASY/UniProt 

1,544,870 sequences; 494,584,931 total letters 



Taxonomic view 



NiceBlast view 



Printable view 

,..;./...:...: ...... .... J.....'; 



List of potentially matching sequences 

Send selected sequences to |Clustal W (multiple alignment) ] Submit Query | 




P Include query sequence 



Db AC Description Score E-value 
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sp 


P56430 


THIO_HELPY Thioredoxin (TRX) [trxA] [Helicobacter pylo.. 


. 216^ 


5e 


-56 


r 


tr 


Q7MSG6 


THIOREDOXIN [TRXA] [Wolinella succinogenes] 


157 


4e 


-38 


□ 


tr 


Q9PIY0 


Thioredoxin [trxA] [Campylobacter jejuni] 


155 


le 


-37 


n 


tr 


Q7VK3 7 


Thioredoxin [trxA_2] [Helicobacter hepaticus] 


146 


8e 


-35 


□ 


tr 


Q9RVS8 


Thioredoxin [DR0944] [Deinococcus radiodurans] 


120 


3e 


-27 


□ 


tr 


Q8EPI6 


Thioredoxin [OB2117] [Oceanobacillus iheyensis] 


119 


8e 


-27 


n 


sp 


Q8CPL5 


THIO_STAEP Thioredoxin (TRX) [trxA] [Staphylococcus ep . . 


. 116 


7e 


-26 


n 


sp 


Q9ZEH4 


THIO_STAAM Thioredoxin (TRX) [trxA] [Staphylococcus au. . 


• 111 


9e 


-26 


□ 


sp 


P14949 


THIO_BACSU Thioredoxin (TRX) [trxA] [Bacillus subtilis] 


116 


9e 


-26 


n 


tr 


Q7MXW5 


Thioredoxin [trx] [Porphyromonas gingivalis (Bacteroid. . 


- Ill 


9e 


-26 
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□ 


tr 


Q6GHU0 


Thioredoxin [trxA] [Staphylococcus aureus subsp. aureu . . . 


116 


9e 


-26 


n 


tr 


Q6GA69 


Thioredoxin [SAS1079] [Staphylococcus aureus subsp. au. . . 


116 


9e 


-26 


n 


sp 


Q8KE4 9 


THI2_CHLTE Thioredoxin 2 (Trx-2) [trx2] [Chlorobium te . . . 


115 


le 


-25 


□ 


tr 


Q9KWL9 


Thioredoxin [Staphylococcus warneri] 


115 


le 


-25 


□ 


tr 


Q9K8A8 


Thioredoxin [trxA] [Bacillus halodurans] 


114 


3e 


-25 


□ 


sp 


P37395 


THIO_CYACA Thioredoxin [trxA] [Cyanidium caldarium] 


113 


6e 


-25 


n 


tr 


Q72B01 


Thioredoxin [trx] [Desulf ovibrio vulgaris (strain Hild. . . 


112 


le 


-24 


□ 


tr 


Q7VBF6 Thioredoxin family protein [trxA] [Prochlorococcus mar. . . 


111 


2e 


-24 


n 


sp 


P06544 


THI1_ANASP Thioredoxin 1 (TRX-1) (Thioredoxin M) [trxA. . . 


110 


4e 


-24 
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tr 


Q8DKP7 


Thioredoxin [tll0 812] [Synechococcus elongatus (Thermo. . . 


110 


4e 


-24 


□ 


sp 


P43785 


THIO_HAEIN Thioredoxin (TRX) [trxA] [Haemophilus influ. . . 


109 


8e 


-24 


n 


tr 


Q6LLL6 


Putative thioredoxin [SO0406] [Photobacterium profundu. . . 


109 


le- 


-23 


□ 


tr 


Q8ZAD9 


Thioredoxin 1 [trxA] [Yersinia pestis] 


109 


le 
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□ 


tr 


Q8A5L0 


Thioredoxin (Thioredoxin M) [BT2229] [Bacteroides thet... 


109 


le 


-23 
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sp 


Q9X2T1 


THIO_PSEAE Thioredoxin (TRX) [trxA] [Pseudomonas aerug. . . 


108 


le 


-23 
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sp 


P00274 


THI0_EC0LI Thioredoxin 1 (TRX1) (TRX) [trxA] [Escheric... 


108 


2e 
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tr 


Q9KV51 


Thioredoxin [VC0306] [Vibrio cholerae] 


108 


2e 
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tr 


Q9RYY9 


Thioredoxin 1 [DRA0164] [Deinococcus radiodurans] 


108 


2e 
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sp 


P48384 


THIM_PEA Thioredoxin M-type, chloroplast precursor (TR. . . 


10 8 


2e 


-23 


r 


tr 


Q87KH6 


Thioredoxin [VP3001] [Vibrio parahaemolyticus] 


108 


2e 


-23 
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tr 


Q9CF37 


Thioredoxin [trxA] [Lactococcus lactis (subsp. lactis) . . . 


107 


3e 
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tr 


Q7VKR2 


Thioredoxin [trxA] [Haemophilus ducreyi] 


107 
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tr 


Q7NM87 


Thioredoxin [gll0880] [Gloeobacter violaceus] 


107 


3e- 
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sp 


P50254 


THI0_P0RYE Thioredoxin [trxA] [Porphyra yezoensis] 


107 


4e- 
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sp 


Q9ZP20 


THIM_0RYSA Thioredoxin M-type, chloroplast precursor (... 


107 


4e- 
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n 


tr 


Q97EM7 


Thioredoxin [CAC3 083] [Clostridium acetobutylicum] 


107 


4e- 
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tr 


Q7V6M6 


Thioredoxin [trxA] [Prochlorococcus marinus (strain MI... 


107 
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-23 
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sp 


P51225 


THI0_P0RPU Thioredoxin [trxA] [Porphyra purpurea] 
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Q9ZP21 


THIMJtfHEAT Thioredoxin M-type, chloroplast precursor (... 
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Q6CZE0 


Thioredoxin [ECA4212] [Erwinia carotovora subsp. atros . . . 
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tr 


Q7CET1 


Putative thioredoxin [trx. 2] [Streptococcus pyogenes (... 
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Q99Y75 


Putative thioredoxin [trx] [Streptococcus pyogenes] 
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Q8NZI7 


Putative thioredoxin [trxA] [Streptococcus pyogenes (s... 
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Q8E3J7 


Hypothetical protein gbsl762 [gbsl762] [Streptococcus . . . 
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Q8DXX8 


Thioredoxin [trx] [Streptococcus agalactiae (serotype V) ] 
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Q879K6 


Putative thioredoxin [SPs0281] [Streptococcus pyogenes... 
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Q7NXP2 


Thioredoxin [trxA] [Chromobacterium violaceum] 
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THI0_SYNY3 Thioredoxin (TRX) [trxA] [Synechocystis sp . . . . 
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THI1_SYNP7 Thioredoxin 1 (TRX-1) (Thioredoxin M) [trxA. . . 
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P00275 


THI1_C0RNE Thioredoxin C-l [Corynebacterium nephridii] 
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Q8YW7 


Thioredoxin [alll866] [Anabaena sp. (strain PCC 7120)] 
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Q8DDN7 


Thioredoxin [W10938] [Vibrio vulnificus] 
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Q7MGP8 


Thiol-disulfide isomerase and thioredoxin [W3182] [Vi . . . 


105 


le- 
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□ 


tr 


067747 


Thioredoxin [trxAl] [Aquifex aeolicus] 


105 


le- 
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tr 


028984 


Thioredoxin (Trx-3) [AF1284] [Archaeoglobus fulgidus] 


105 


2e- 


-22 



http://us.expasy.org/cgi-bin/blast.pl 



9/3/04 



ExPASy BLAST2 Interface 



Page 3 of 3 5 
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tr 


Q7V126 


Thioredoxin [trxA] [Prochlorococcus marinus subsp . pas,.. 


104 


3e- 
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Q7UJ35 


Thioredoxin 1 [trxA] [Rhodopirellula baltica] 
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3e 
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Q7MYL3 


Thioredoxin 1 (TRX1) (TRX) [trxA] [Photorhabdus lumine . . . 


104 
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tr 


Q7U898 


Thioredoxin [trxA] [Synechococcus sp . (strain WH8102)] 


104 


3e- 
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tr 


Q95AH9 


Putative thioredoxin m2 [trxm2] [Pisum sativum (Garden. . . 


104 


3e 


-22 
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sp 


Q9S386 


THIO_LISMO Thioredoxin (Trx) [trxA] [Listeria monocyto . . . 


103 


4e 
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tr 


Q720J6 


Thioredoxin [trx-1] [Listeria monocytogenes (serotype . . . 


103 


4e 
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tr 


Q8YE56 


THIOREDOXIN C-l [BMEI2022] [Brucella melitensis] 


103 


6e 


-22 
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tr 


Q8FXY9 


Thioredoxin [trx-1] [Brucella suis] 


103 


6e 
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tr 


Q835H2 


Thioredoxin [trx] [Enterococcus faecalis (Streptococcu . . . 


103 
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sp 


P33791 


THIO_STRAU Thioredoxin (TRX) (Fragment) [trxA] [Strept . . . 


103 


7e 


-22 
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tr 


Q6G588 


Thioredoxin [trxA] [Bartonella henselae (Rochalimaea h. . . 


103 


7e 


-22 


□ 


sp 


P07591 


THIM_SPIOL Thioredoxin M-type, chloroplast precursor (... 


102 


le 


-21 
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sp 


Q41864 


THIM_MAIZE Thioredoxin M-type, chloroplast precursor (... 


102 


le 


-21 


□ 


tr 


Q81L73 


Thioredoxin [trx] [Bacillus anthracis] 


102 


le 


-21 


n 


tr 


Q817L8 


Thioredoxin [BC4521] [Bacillus cereus (strain ATCC 145... 


102 


le 


-21 
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tr 


Q72ZM0 


Thioredoxin [trx] [Bacillus cereus (strain ATCC 10987)] 


102 


le 


-21 
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tr 


Q6HD04 


Thioredoxin [trxA] [Bacillus thuringiensis serovar kon. . . 


102 


le 


-21 


□ 


tr 


Q8EJQ6 


Thioredoxin 1 [trxA] [Shewanella oneidensis] 


102 


2e 


-21 
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tr 


Q8DSD2 


Putative thioredoxin [trxA] [Streptococcus mutans] 


102 


2e 


-21 
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tr 


Q8L1N0 


Thioredoxin [trxA] [Buchnera aphidicola (subsp. Pemphi . . . 


102 


2e 


-21 


□ 


tr 


Q8P4D3 


Thioredoxin [trxA] [Xanthomonas campestris (pv. campes . . . 


101 


2e 


-21 


□ 


tr 


Q7M0Y9 


Thioredoxin [Clostridium pasteurianum] 


101 


2e 


-21 


n 


tr 


Q88CG6 


Thioredoxin [trx-2] [Pseudomonas putida (strain KT2440)] 


101 


3e 


-21 


□ 


tr 


Q83A24 


Thioredoxin [trx] [Coxiella burnetii] 


100 


4e 


-21 


n 


tr 


Q72HU9 


Thioredoxin [TTC1385] [Thermus thermophilus (strain HB . . . 


100 


4e 


-21 


□ 


tr 


Q8UJA6 


Thioredoxin C-l [trxA] [Agrobacterium tumefaciens (str... 


100 


6e 


-21 


□ 


tr 


Q97P68 


Thioredoxin [SP1776] [Streptococcus pneumoniae] 


100 


6e 


-21 


□ 


tr 


Q7D2B9 


AGR_C_37p [AGR_C_37] [Agrobacterium tumefaciens (strai... 


100 


6e 


-21 
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sp 


Q92JR5 


THIO_RICCN Thioredoxin (TRX) [trxA] [Rickettsia conorii] 


100 


8e 


-21 


□ 


tr 


Q8DNP9 


Thioredoxin reductase (EC 1.6.4.5) [trxA] [Streptococc . . . 


100 


8e 


-21 


□ 


tr 


Q7PAB0 


Thioredoxin [rsib_orf . 717 ] [Rickettsia sibirica] 


100 


8e 


-21 


□ 


tr 


Q9JYY9 


Thioredoxin [NMB1366] [Neisseria meningitidis (serogro. . . 


99 


le 
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□ 


tr 


Q87UQ3 


Thioredoxin [trx-2] [Pseudomonas syringae (pv. tomato) ] 


99 


le 


-20 


pi 


sp 


P80579 


THIO_ALIAC Thioredoxin (TRX) [trxA] [Alicyclobacillus . . . 


99 


le 


-20 
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tr 


Q8RAI5 


Thiol -disulfide isomerase and thioredoxins [TrxA2] [Th. . . 


99 


le 


-20 


□ 


tr 


Q8PFZ2 


Thioredoxin [trxA] [Xanthomonas axonopodis (pv. citri) ] 


99 


le 
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tr 


Q8F4W0 


Thioredoxin (TRX) [trxA] [Leptospira interrogans] 


99 


le 
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tr 


Q72QY0 


Thioredoxin [trxA] [Leptospira interrogans (serogroup . . . 


99 


le 


-20 


□ 


tr 


Q6ME96 


Probable thioredoxin [trxA] [Parachlamydia sp . (strain. . . 


99 


le 


-20 


n 


sp 


Q9CM4 9 


THIO_PASMU Thioredoxin (TRX) [trxA] [Pasteurella multo . . . 


99 


2e 


-20 


□ 


sp 


Q7M1B9 


THIO_CHLAU Thioredoxin (TRX) [trxA] [Chlorof lexus aura... 


99 


2e 


-20 


r 


tr 


Q8ZMX4 


Thioredoxin 2, redox factor [trxC] [Salmonella typhimu... 


99 


2e 


-20 


□ 


tr 


Q9JTY5 


Thioredoxin I [trxA] [Neisseria meningitidis (serogrou. . . 


99 


2e 


-20 


□ 


tr 


Q8NL5 8 


Thiol-disulfide isomerase and thioredoxins [Cgl3091] [... 


99 


2e 


-20 
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Alignments 

sp P56430 Thioredoxin (TRX) [trxA] [Helicobacter pylori 106 

THIO_HELPY (Campylobacter AA 

pylori) , Helicobacter pylori J99 (Campylobacter pylori alig n 
J99)] 

Score = 216 bits (551), Expect = 5e-56 

Identities = 106/106 (100%) , Positives = 106/106 (100%) 

Query : 1 MSHYIELTEENFESTIKKGVALVDFWAPWCGPCKMLSPVIDELASEYEGKAKICKVNTDE 60 

MSHYIELTEENFESTIKKGVALVDFWAPWCGPCKMLSPVIDELASEYEGI^AKICKVNTDE 
Sbjct : 1 MSHYI ELTEENFEST I KKGVAL VT)FWAPWCGPCKMLS PVIDELASE YEGKAKI CKVNTDE 60 

Query: 61 QEELSAKFGIRSIPTLLFTKDGEWHQLVGVQTKVALKEQLNKLLG 106 

QEELSAKFGIRSIPTLLFTKDGEWHQLVGVQTKVALKEQLNKLLG 
Sbjct: 61 QEELSAKFGIRSIPTLLFTKDGEWHQLVGVQTKVALKEQLNKLLG 106 



tr Q7MSG6 THIOREDOXIN [TRXA] [Wolinella succinogenes] 106 AA 

align 

Score = 157 bits (396), Expect = 4e-38 

Identities = 67/106 (63%) , Positives = 89/106 (83%) 

Query : 1 MSHYIELTEENFESTIKKGVALVDFWAPWCGPCKMLSPVIDELASEYEGKAKICKVNTDE 60 

M YIEL NF+ KKGV+LVDFWAPWCGPC+M++PVI+ELA+++EGKA +CKVNTDE 
Sbjct: 1 MGKYIELNASNFDEVTKKGVSLVT)FWAPWCGPCRMVAPVIEELAADFEGKA]WCKVNTDE 60 

Query: 61 QEELSAKFGI RS I PTLLFTKDGEWHQLVGVQTKVALKEQLNKLLG 106 

++EL+ K+GIRSIPT+LF KDGE+V Q++G +K A KE+L+ L+G 
Sbjct: 61 EQELAVKYGIRSIPTILFFKDGEIVDQMIGASSKQAFKEKLDSLIG 106 



tr Q9PIY0 Thioredoxin [trxA] [Campylobacter jejuni] 104 AA 

align 

Score = 155 bits (393), Expect = le-37 

Identities = 72/105 (68%), Positives = 91/105 (86%), Gaps = 1/105 (0%) 

Query : 1 MSHYIELTEENFESTIKKGVALVTDFWAPWCGPCKMLSPVIDELASEYEGKAKICKVNTDE 60 

M YIELT +NF K+GVALVDFWAPWCGPC4-ML+PVIDEL4-+ + + +GKAKICKVNTDE 
Sbjct : 1 MGKYIELTSDNFAQA-KEGVALVDFWAPWCGPCRMLAPVIDELSNDFDGKAKICKVNTDE 59 

Query: 61 QEELSAKFGIRS I PTLLFTKDGEWHQLVGVQTKVALKEQLNKLL 105 

Q +L+A+FG+RSIPTL+F K+GEVV QLVG Q+K A+ ++LN LL 
Sbjct: 60 QGDLAAEFGVRS I PTL I FFKNGEWDQLVGAQSKQAI SDKLNSLL 104 



tr Q7VK37 Thioredoxin [trxA_2] [Helicobacter hepaticus] 105 AA 

align 
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Score = 146 bits (368) , Expect = 8e-35 

Identities = 66/105 (62%) , Positives = 83/105 (78%) 

Query: 1 MSHYIELTEENFESTIKKGVALVT)FWAPWCGPCKMLSPVIDELASEYEGKAKICK^TDE 60 

M+ Y ELT +NF++ GVALVDFWAPWC PCKMLSPVID+LA EYEGKAKICKVN DE 
Sbjct: 1 MAKYKELTNDNFDTEALSGVALWFWAPWCNPCKMLSPVIDKLADEYEGKAKICKVWDE 60 

Query: 61 QEELSAKFGIRS I PTLLFTKDGEWHQLVGVQTKVALKEQLNKLL 105 

Q ELS +FGIR+IPT+LF KDGE+ Q+ G + ++++L+ +L 
Sbjct: 61 QGELSKRFGIRNIPTILFMKDGEIKDQVTGAMPEQVIRQKLDSIL 105 



tr Q9RVS8 Thioredoxin [DR0944] [Deinococcus radiodurans] 141 AA 

align 

Score = 120 bits (302), Expect = 3e-27 

Identities = 53/102 (51%) , Positives = 74/102 (71%) 

Query: 5 IELTEENFESTIKKGVALVDFWAPWCGPCKMLSPVIDELASEYEGKAKICKVNTDEQEEL 64 

+ELT+ MF S I +G+ LVD FWAPWCGPC + + + + P V I + ELA +YEG+ K+ KVN D + 
Sbjct: 36 VELTDGNFTSE I AQGLTLVDFWAPWCGPCRI I APVIEELAGQYEGRVKVAKVNVDDNPAT 95 

Query: 65 SAKFGIRS I PTLLFTKDGEWHQLVGVQTKVALKEQLNKLLG 106 

S +F + SIPT++ KDG+ V +VG Q K A + L+K LG 
Sbjct: 96 SGQFRVMSIPTMILFKDGQPVEGMVGAQPKRAFESVLDKHLG 137 



tr Q8EPI6 Thioredoxin [OB2117] [Oceanobacillus iheyensis] 104 AA 

align 

Score = 119 bits (299) , Expect = 8e-27 
Identities = 51/97 (52%) , Positives = 72/97 (73%) 

Query: 7 LTEENFESTIKKGVALVTDFWAPWCGPCKMLSPVIDELASEYEGKAKICKVNTDEQEELSA 66 

+T++NF KG+ L DFWAPWCGPCKM+ + PV4-+E+ E E K +1 K++ DE +E + 

Sbjct : 6 VTDQNFTEETSKGLVLADFWAPWCGPCKMIAPVLEEIDGEMEEKVQIVKLDVDENQETAG 65 

Query: 67 KFGIRSIPTLLFTKDGEWHQLVGVQTKVALKEQLNK 103 

KFG+ SIPTLL KDG+W Q++G Q K AL++ +NK 
Sbjct: 66 KFG VMS I PTLLLFKDGD WDQVIGFQPKEALEDL INK 102 



sp Q8CPL5 Thioredoxin (TRX) [trxA] [Staphylococcus epidermidis] 104 AA 

THIO_STAEP 

align 

Score = 116 bits (291) , Expect = 7e-26 

Identities = 53/101 (52%), Positives = 75/101 (73%) 

Query: 5 IELTEENFESTIKKGVALVT)FWAPWCGPCKMLSPVIDELASEYEGKAKICKVNTDEQEEL 64 

++ +T+ +F +S 1+ GV LVDFWA WCGPCKM-f + PV++ELA -fY+GKA I K+4- DE 
Sbjct: 4 VKVTDSDFDSKIESGVKLVDFWATWCGPCKMIAPVLEELAGDYDGKADILKLDVDENPST 63 
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Query: 65 SAKFGIRSIPTLLFTKDGEWHQLVGVQTKVALKEQLNKLL 105 

+AK+ + SIPTL+ KDGE V ++VG Q K L E L+K L 
Sbjct: 64 AAKYEVMS I PTL I VFKDGEPVDKWGFQPKENLAEVLDKHL 104 



sp Q 9ZEH4 Thioredoxin (TRX) [trxA] [Staphylococcus aureus (strain 104 

THIO_STAAM Mu50 / ATCC AA 

700699), Staphylococcus aureus (strain N315) , align 

Staphylococcus aureus (strain MW2) , Staphylococcus 

aureus] 

Score = 116 bits (290), Expect = 9e-26 

Identities = 52/101 (51%) , Positives = 76/101 (74%) 

Query: 5 IELTEENFESTIKKGVALVDFWAPWCGPCKMLSPVIDELASEYEGKAKICKVNTDEQEEL 64 

+ ++T+ +F +S ++ GV LVDFWA WCGPCKM+ + PV+-f ELA++YEGKA I K++ DE 
Sbjct: 4 VKVTDADFDSKVESGVQLVDFWATWCGPCKMIAPVLEELAADYEGKADILKLDVDENPST 63 

Query: 65 SAKFGIRSIPTLLFTKDGEWHQLVGVQTKVALKEQLNKLL 105 

+AK+ + SIPTL+ KDG+ V ++VG Q K L E L+K L 
Sbjct: 64 AAKYEVMS I PTL I VFKDGQPVDKVVGFQPKENLAE VLDKHL 104 



sp P14949 Thioredoxin (TRX) [trxA] [Bacillus subtilis] 103 AA 

THIO_BACSU align 

Score = 116 bits (290) , Expect = 9e-26 

Identities = 52/101 (51%) , Positives = 72/101 (70%) 

Query : 5 IELTEEMFESTIKKGVALVDFWAPWCGPCKMLSPVIDELASEYEGKAKICKVNTDEQEEL 64 

+ + T+ + + F + +GV L DFWAPWCGPCKM++PV++EL E K KI K++ DE +E 
Sbjct : 3 VKATDQSFSAETSEGWLADFWAPWCGPCKMIAPVLEELDQEMGDKLKIVKIDVDENQET 62 

Query: 65 S AKFG I RS I PTLL FTKDGE WHQL VGVQTKVALKEQLNKLL 105 

+ K+G+ SI PTLL KDGEW VG + K AL+E +NK L 
Sbjct: 63 AGKYGVMS I PTLLVLKDGE WETS VGFKPKEALQELVNKHL 103 



tr Q7MXW5 Thioredoxin [trx] [Porphyromonas gingivalis (Bacteroides 104 AA 
gingivalis) ] 

align 

Score = 116 bits (290) , Expect = 9e-26 

Identities = 52/101 (51%) , Positives = 76/101 (74%) , Gaps = 1/101 (0%) 

Query : 5 IELTEENFESTIKKGVALV-DFWAPWCGPCKMLSPVIDELASEYEGKAKICKVNTDEQEE 63 

+ + +T+ F + + +G +V DFWA WCGPC+M+ P+IDELA+EYEG-f A I KV+ D E 
Sbjct: 3 LQITDATFDGLVAEGKPMVVDFWATWCGPCRMVGPI IDELAAEYEGRAI IGKVDVDANTE 62 

Query: 64 LSAKFGIRSIPTLLFTKDGEWHQLVGVQTKVALKEQLNKL 104 

L K+G+R+IPT+LF K+GEW +LVG Q+K K++L+ L 
Sbjct: 63 LPMKYGVRNI PTI LF I KNGE WKKLVGAQS KDVFKKELDAL 103 
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tr Q6GHU0 Thioredoxin [trxA] [Staphylococcus aureus subsp. aureus 104 

MRSA2 52] ^ 

align 

Score = 116 bits (290) , Expect = 9e-26 

Identities = 52/101 (51%), Positives = 76/101 (74%) 

Query: 5 IELTEENFESTIKKGVALVI3FWAPWCGPCKMLSPVIDELASEYEGKAKICKVNTDEQEEL 64 

+++T+ +F + S +4- GV LVDFWA WCGPCKM++PV++ELA++YEGKA I K+ + DE 
Sbjct: 4 VKVTDADFDSKVESGVQLVT^FWATWCGPCKMIAPVLEELAADYEGKADILKLDVDENPST 63 

Query: 65 SAKFGIRSIPTLLFTKDGEWHQLVGVQTKVALKEQLNKLL 105 

+AK+ + SIPTL+ KDG+ V + +VG Q K L E L+K L 
Sbjct: 64 AAKYEVMSIPTLIVFKDGQPVDKWGFQPKENLAEVLDKHL 104 



tr Q6GA69 Thioredoxin [SAS107 9] [Staphylococcus aureus subsp. aureus 104 
MSSA476] AA 

align 

Score = 116 bits (290) , Expect = 9e-26 

Identities = 52/101 (51%) , Positives = 76/101 (74%) 

Query : 5 IELTEENFESTIKKGVALVDFWAPWCGPCKMLSPVIDELASEYEGKAKICKVNTDEQEEL 64 

+ + +T+ +F+S + + GV LVDFWA WCGPCKM++PV++ELA++YEGKA I K++ DE 
Sbjct: 4 VKVTDADFDSKVESGVQLVDFWATWCGPCKMIAPVLEELAADYEGKADILKLDVDENPST 63 

Query: 65 SAKFGIRSIPTLLFTKDGEWHQLVGVQTKVALKEQLNKLL 105 

+AK+ + SIPTL+ KDG+ V ++VG Q K L E L+K L 
Sbjct: 64 AAKYEVMSIPTLIVFKDGQPVDKWGFQPKENLAEVLDKHL 104 



sp Q8KE49 Thioredoxin 2 (Trx-2) [trx2] [Chlorobium 108 AA 

THI2_CHLTE tepidum] align 

Score = 115 bits (288) , Expect = le-25 

Identities = 55/105 (52%), Positives = 74/105 (70%), Gaps = 2/105 (1%) 

Query: 4 YIELTEENFESTIKKG- -VALVDFWAPWCGPCKMLSPVIDELASEYEGKAKICKVNTDEQ 61 

Y E T++NF++ I VALVDFWA WCGPC ML PVI+ELA +YEGKA I K+N DE 

Sbjct: 4 YFEATDQNFQAEILNSDKVALVT)FWAAWCGPCMMLGPVIEELAGDYEGKAIIAKL1^VDEN 63 

Query: 62 EELSAKFGIRSIPTLLFTKDGEWHQLVGVQTKVALKEQLNKLLG 106 

+ ++GIRSIPT+L K G+W Q+VG K + ++L + + +G 
Sbjct: 64 PNTAGQYGIRS IPTMLI IKGGKWDQMVGALPKNMIAKKLDEHIG 108 



tr Q9KWL9 Thioredoxin [Staphylococcus warneri] 104 AA 

align 

Score = 115 bits (288) , Expect = le-25 

Identities = 56/101 (55%), Positives = 73/101 (71%) 
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Query: 5 IELTEENFESTIKKGVALVDFWAPWCGPCKMLSPVIDELASEYEGKAKICKVNTDEQEEL 64 

I +TE+ F TI+KGV LVDFWA WC PC+M SPV++EL+ E EGK I KV+ DE+ + L 
Sbjct: 4 ITVTEKTFNKTIEKGVTLVDFWATWCPPCQMQSPVLEELSDELEGKVIIGKVDVDEEKAL 63 

Query: 65 SAKFGIRSIPTLLFTKDGEWHQLVGVQTKVALKEQLNKLL 105 

+AK+ I+SIPTLL KDGE+V+ L+G K L+ L K L 
Sbjct: 64 AAKYQ I QS I PTLL I FKDGELVNTL IGFNPKPNLENVLTKYL 104 



tr Q9K 8A8 Thioredoxin [trxA] [Bacillus halodurans] 104 AA 

align 

Score = 114 bits (285) , Expect = 3e-25 

Identities = 51/101 (50%), Positives = 70/101 (68%) 

Query: 5 IELTEENFESTIKKGVALVDFWAPWCGPCKMLSPVIDELASEYEGKAKICKVNTDEQEEL 64 

4- +T+4- F +G+ L DFWAPWCGPCKM++PV++EL E K KI K++ DE +E 

Sbjct: 4 VNVTDQTFAQETSEGLVLADFWAPWCGPCKMIAPVLEELDGEMGDKVKIAKLDVDENQET 63 

Query: 65 SAKFG I RS I PTLLFTKDGE VVHQLVG VQTKVALKEQLNKLL 105 

++KF + SIPTL+ KDG+W Q+ G Q K AL E LNK L 
Sbjct: 64 AS KFNVMS I PTL I VFKDGQWDQVTGFQPKDALAELLNKHL 104 



S P P37395 Thioredoxin [trxA] [Cyanidium caldarium] 107 AA 

THIO_CYACA align 

Score = 113 bits (283), Expect = 6e-25 

Identities = 54/103 (52%), Positives = 72/103 (69%), Gaps = 2/103 (1%) 

Query: 5 IELTEENFESTI - -KKGVALVDFWAPWCGPCKMLSPVIDELASEYEGKAKICKVNTDEQE 62 

I ++T+ +FE + + + LVDFWAPWCGPC+M+SPVIDELA EY + KI K-fNTDE 
Sbjct: 5 IQVTDFSFEKEWNSEKLVLVDFWAPWCGPCRMISPVIDELAQEYVEQVKIVKINTDENP 64 

Query: 63 ELSAKFGIRSIPTLLFTKDGEWHQLVGVQTKVALKEQLNKLL 105 

+SA++GIRSIPTL+ KDG+ V ++G K L L K L 
Sbjct: 65 SISAEYGIRSIPTLMLFKDGKRVDTVIGAVPKSTLTNALKKYL 107 



tr Q72B01 Thioredoxin [trx] [Desulf ovibrio vulgaris (strain 107 
Hildenborough / AA 
ATCC 29579 / NCIMB 8303)] align 

Score = 112 bits (280) , Expect = le-24 

Identities = 51/104 (49%), Positives = 74/104 (71%), Gaps = 3/104 (2%) 

Query: 6 ELTEENFESTIKKGV- - ALvT)FWAPWCGPCKMLSPVIDELASEYEGKAKICKVNTDEQEE 63 

++T+ FE + + + K L+DFWAPWCGPC-f + PVIDELA+EYEGK I K+N D+ 

Sbjct: 4 QITDATFEASVLKSAIPVLIDFWAPWCGPCRAMGPVIDELAAEYEGKVLIVKMNVDDNPA 63 

Query: 64 LS AKFGIRS I PTLLFTKDGE WHQLVGVQTKVALKEQL - NKLLG 106 

+K+GIR+IPTL+ K+GEW Q+ G +K ++K+ + K LG 
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Sbjct: 64 TPSKYGIRAIPTLILFKNGEWEQVTGAVSKSSIKDMIAQKALG 107 



tr Q7VBF6 Thioredoxin family protein [trxA] [Prochlorococcus marinus] 107 AA 

align 

Score = 111 bits (278) , Expect = 2e-24 

Identities = 49/107 (45%), Positives = 74/107 (68%), Gaps = 2/107 (1%) 

Query: 1 MSHYIELTEENFESTIKKG- - VALVDFWAPWCGPCKMLSPVIDELASEYEGKAKICKVNT 5 8 

MS +-T+ +FE + + LVDFWAPWCGPC+M+SP+4-DE + 4- 4-+EGK K+CK+NT 

Sbjct: 1 MSSAAAVTDSSFEQEVLQSDLPVLVDFWAPWCGPCRMVSPIVDEISKDFEGKIKVCKLNT 60 

Query: 5 9 DEQEELSAKFGIRSIPTLLFTKDGEWHQLVGVQTKVALKEQLNKLL 105 

DE +++++GIRSIPTL+ K G+ V +VG K L ++K L 
Sbjct: 61 DENPNVASQYGIRSIPTLMIFKGGQKVDTWGAVPKATLSGTISKHL 107 



S P P06544 Thioredoxin 1 (TRX-1) (Thioredoxin M) [trxA] [Anabaena sp. 106 

THI1_ANASP (strain AA 

PCC 7120), Anabaena sp. (strain PCC 7119)] align 

Score = 110 bits (276) , Expect = 4e-24 

Identities = 51/99 (51%), Positives = 70/99 (70%), Gaps = 6/99 (6%) 

Query: 13 ESTIKKGV ALVDFWAPWCGPCKMLSPVIDELASEYEGKAKICKVNTDEQEELSA 66 

+ST K+ V LVDFWAPWCGPC+M++PV+DE+A +YEGK K+ KVNTDE ++++ 

Sbjct: 8 DSTFKQEVLDSDVPVLVI)FWAPWCGPCRMVAPVVDEIAQQYEGKIKVVKVNTDENPQVAS 67 

Query: 67 KFG IRS I PTLLFTKDGEWHQLVGVQTKVALKEQLNKLL 105 

++GIRSIPTL+ K G+ V +VG K L + L K L 
Sbjct: 68 QYGIRSIPTLMIFKGGQKVDMWGAVPKTTLSQTLEKHL 106 



tr Q8DKP7 Thioredoxin [tll0812] [Synechococcus elongatus 107 
(Thermosynechococcus AA 
elongatus) ] align 

Score = 110 bits (276) , Expect = 4e-24 

Identities = 51/107 (47%), Positives = 72/107 (66%), Gaps = 2/107 (1%) 

Query: 1 MSHYIELTEENFESTIKKG- - VALVDFWAPWCGPCKMLSPVIDELASEYEGKAKICKVNT 5 8 

MS + +T+ FE + LVDFWAPWCGPC+M++PV+DE+A+EY+G+ K+ KVNT 

Sbjct: 1 MS S ALS VTDATFEEEVLNSD I PVLVDFWAPWCGPCRMVAPWDE I ANEYQGRVKWKVNT 60 

Query: 59 DEQEELSAKFGIRSIPTLLFTKDGEWHQLVGVQTKVALKEQLNKLL 105 

DE +++ FGIRSIPTL+ K G+ V LVG K ++ L + L 
Sbjct: 61 DENSKVATDFGIRSIPTLMIFKGGQKVDILVGAVPKTKIEATLAQFL 107 



http://us.expasy.org/cgi-bin/blast.pl 



9/3/04 



ExPASy BLAST2 Interface 



Page 12 of 35 



sp P43785 Thioredoxin (TRX) [trxA] [Haemophilus 107 AA 

THIO_HAEIN influenzae] align 

Score = 109 bits (273), Expect = 8e-24 

Identities = 51/105 (48%), Positives = 70/105 (66%), Gaps = 2/105 (1%) 

Query: 1 MSHYIELTEENFESTIKKG- - VALVBFWAPWCGPCKMLSPVIDELASEYEGKAKICKVNT 58 

MS + + + +FES + L+DFWAPWCGPCKM++PV+DELA E+ GK KI K+N 

Sbjct: 1 MSEVLHIITOADFESWWSDIPILLDFWAPWCGPCKMIAPVLDELAPEFAGK^KIVKM^ 60 

Query: 59 DEQEELS AKFG IRS I PTLLFTKDGE WHQLVGVQTKVALKEQLNK 103 

D+ + A+FG+RSIPTLL K+G+W VG K L +N+ 
Sbjct: 61 DDNQATPAQFGVRS I PTLLLI KNGQWATQVGALPKTQLANF INQ 105 



tr Q6LLL6 Putative thioredoxin [SO0406] [Photobacterium 112 AA 

profundum align 
(Photobacterium sp. (strain SS9) ) ] 

Score = 109 bits (272) , Expect = le-23 

Identities = 52/100 (52%) , Positives = 67/100 (67%) , Gaps = 2/100 (2%) 

Query: 5 I ELTEENFESTI KK - - GVALVDFWAPWCGPCKMLS PVIDELASE YEGKAKI CKVNTDEQE 62 

+ +LT+ F+S + G LVDFWA WCGPCKM+ +P++DE+A+EYEGK I K+N D+ 
Sbjct : 10 VQLTDATFDSDVVNAAGPVLVDFWAEWCGPCKMIAPILDEIANEYEGKVTIGKLNIDQNA 69 

Query: 63 ELSAKFGIRSIPTLLFTKDGEWHQLVGVQTKVALKEQLN 102 

KFGIR IPTLL KDG V VG +K LKE L+ 
Sbjct: 70 ATPPKFG I RG I PTLLL FKDGS VAATKVGAL S KTQLKE FLD 109 



tr Q8ZAD9 Thioredoxin 1 [trxA] [Yersinia pestis] 108 AA 

align 

Score = 109 bits (272) , Expect = le-23 

Identities = 50/100 (50%) , Positives = 72/100 (72%) , Gaps = 2/100 (2%) 

Query: 5 I ELTEENFESTI KK - - GVALVDFWAPWCGPCKMLS PVIDELASE YEGKAKI CKVNTDEQE 62 

I L+ +++F++ + K G+ LVDFWA WCGPCKM-f +P++DE+ A EYEG+ I K+N D+ + 
Sbjct : 6 IHLSDDSFDTDVLKASGLVLVDFWAEWCGPCKMIAPILDEIAEEYEGRLTIAKLNIDDNQ 65 

Query: 63 ELSAKFGIRS I PTLLFTKDGEWHQLVGVQTKVALKEQLN 102 

+ K+GIR IPTLL +DGEW VG +K LK L+ 
Sbjct: 66 GTAPKYGIRGIPTLLLFRDGEWATKVGALSKGQLKAFLD 105 



tr Q8A5L0 Thioredoxin (Thioredoxin M) [BT2229] [Bacteroides 104 
thetaiotaomicron] AA 

align 

Score = 109 bits (272) , Expect = le-23 

Identities = 47/102 (46%), Positives = 76/102 (74%), Gaps = 1/102 (0%) 
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Query: 5 IELTEENFESTIKKGV-ALVDFWAPWCGPCKMLSPVIDELASEYEGKAKICKVNTDEQEE 63 

+E+T-H N++ + +G VTOFWAPWCGPCKM++P+I+ELA+E+EG+ I K + D+ + 
Sbjct: 3 LEITDSNYKEILAEGKPVWDFWAPWCGPCKMVAPIIEELAAEFEGQVIIGKCDVDDNSD 62 

Query: 64 LSAKFGIRSIPTLLFTKDGEWHQLVGVQTKVALKEQLNKLL 105 

++A++GIR+IPT+LF K+GE+V + VG K E++ LL 
Sbjct: 63 VAAEYGIRNI PTVLFFKNGE I VDKQVGAVAKPVFVEKVKMLL 104 



sp Q9X2T1 Thioredoxin (TRX) [trxA] [Pseudomonas 108 AA 

THIO_PSEAE aeruginosa] alig n 

Score = 108 bits (271) , Expect = le-23 

Identities = 47/97 (48%), Positives = 67/97 (68%), Gaps = 2/97 (2%) 

Query : 3 HYI ELTEENFEST I KK- - GVALVDFWAPWCGPCKMLS PVIDELASEYEGKAKI CKVNTDE 6 0 

H + +T+ +FE + K G LVD+WA WCGPCKM++PV+DE+A +Y+GK K+CK+N DE 
Sbjct: 4 HIVWTDASFEQDVLKADGPVLVDYWAEWCGPCKMIAPVLDEVARDYQGKLKVCKLNIDE 63 

Query: 61 QEELSAKFGIRSIPTLLFTKDGEWHQLVGVQTKVAL 97 

++ K+G+R IPTL+ KDG V VG +K L 
Sbjct: 64 NQDT P P KYG VRG I P TLMLFKDGNVE ATKVG AL S KS QL 100 



sp P00274 Thioredoxin 1 (TRX1) (TRX) [trxA] [Escherichia coli, 108 

THIO_ECOLI Escherichia AA 

coli 06 , Escherichia coli 0157 :H7, Salmonella align 
typhiimirium, Salmonella typhi, Shigella flexneri] 

Score = 108 bits (270) , Expect = 2e-23 

Identities = 50/100 (50%), Positives = 70/100 (70%), Gaps = 2/100 (2%) 

Query: 5 IELTEENFESTIKK- -GVALVDFWAPWCGPCKMLSPVIDELASEYEGKAKICKVNTDEQE 62 

I LT+++F++ + K G LVDFWA WCGPCKM ++P ++DE+A EY+GK + K-fN D+ 
Sbjct : 5 IHLTDDSFDTDVLKADGAILVDFWAEWCGPCKMIAPILDEIADEYQGKLTVAKLNIDQNP 64 

Query: 63 ELS AKFGIRS I PTLLFTKDGE WHQLVGVQTKVALKEQLN 102 

+ K+GIR IPTLL K+GEV VG +K LKE L+ 
Sbjct: 65 GTAPKYG I RG I PTLLL FKNGE VAATKVGAL S KGQLKE FLD 104 



tr Q9KV51 Thioredoxin [VC0306] [Vibrio cholerae] 108 AA 

align 

Score = 108 bits (270) , Expect = 2e-23 

Identities = 53/100 (53%), Positives = 67/100 (67%), Gaps = 2/100 (2%) 

Query : 5 IELTEENFESTIKK- -GVALVDFWAPWCGPCKMLSPVIDELASEYEGKAKICKVNTDEQE 62 

++LT++ FE+ + K G LVDFWA WCGPCKM++P++DE+A EY GK I K+N D 
Sbjct: 6 LQLTDDGFENDVIKAAGPVLVDFWAEWCGPCKMIAPILDEVADEYAGKLTIGKLNIDHNA 65 

Query: 63 ELSAKFG I RSI PTLLFTKDGE WHQLVGVQTKVALKEQLN 102 

KFGIR IPTLL KDG W VG +K LKE L+ 
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Sbjct: 66 GTPPKFGIRGIPTLLLFKDGSWATKVGALSKTQLKEFLD 105 



tr Q9RYY9 Thioredoxin 1 [DRA0164] [Deinococcus radiodurans] 142 AA 

align 

Score = 108 bits (270) , Expect = 2e-23 

Identities = 52/101 (51%) , Positives = 70/101 (68%) , Gaps = 4/101 (3%) 

Query: 8 TEENFESTIKKGV-ALVDFWAPWCGPCKMLSPVIDELASEYEGKAKICKVNTDEQEELSA 66 

T+ FE + + V LVDFWAPWCGPC+++ PV+++LA + GK ++ KVN DE +A 
Sbjct: 41 TDATFEQDLQTSVPVLVTIFWAPWCGPCRWIGPVLEDLARDLPGKVRWKWVT)ENPRTAA 100 

Query: 67 KFGIRSIPTLLFTKDGEWHQLVGVQTKVALK EQLNKL 104 

+ F +RSIPTLL KDGE V Q+VGV K AL+ E LN+L 
Sbjct: 101 RFE VRS I PTLLMFKDGEE VDQMVGVTQKAALRARVEHLNQL 141 



sp P48384 Thioredoxin M-type, chloroplast precursor (TRX-M) [Pisum 172 
THIM___PEA sativum AA 

(Garden pea) ] align 

Score = 108 bits (269) , Expect = 2e-23 
Identities = 47/84 (55%) , Positives = 61/84 (71%) 

Query: 22 LVT)FWAPWCGPCKMLSPVIDELASEYEGKAKICKVNTDEQEELSAKFGIRSIPTLLFTKD 81 

LVDFWAPWCGPC+M+ + P+IDELA EY GK K K-fNTDE + K+GIRSIPT+LF K+ 

Sbjct : 89 LVDFWAPWCGPCRMIAPIIDELAKEYAGKIKCYKLNTDESPNTATKYGIRSIPTVLFFKN 148 

Query: 82 GEWHQLVGVQTKVALKEQLNKLL 105 

GE ++G K L E++ K + 

Sbjct: 149 GERKDSVIGAVPKATLSEKVEKYI 172 



tr Q87KH6 Thioredoxin [VP3001] [Vibrio parahaemolyticus] 108 AA 

align 

Score = 108 bits (269) , Expect = 2e-23 

Identities = 52/100 (52%), Positives = 66/100 (66%), Gaps = 2/100 (2%) 

Query: 5 IELTEENFESTI - -KKGVALVX)FWAPWCGPCKMLSPVIDELASEYEGKAKICKVNTDEQE 62 

++LT++ FE+ + G LVDFWA WCGPCKM++P++DE+A EYEGK I K+N D 

Sbjct: 6 LQLTDDGFENDVINAAGPVLVDFWAEWCGPCKMIAPILDEIAEEYEGKLTIGKLNIDHNA 65 

Query: 63 ELSAKFGIRSIPTLLFTKDGEWHQLVGVQTKVALKEQLN 102 

KFGIR IPTLL KDG V VG LKE L+ 

Sbjct: 66 GTPPKFGIRGIPTLLLFKDGNVAATKVGALSKTQLKEFLD 105 



tr Q9CF37 Thioredoxin [trxA] [Lactococcus lactis (subsp. 104 AA 

lactis) align 
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(Streptococcus lactis) ] 

Score = 107 bits (268) , Expect = 3e-23 

Identities = 48/99 (48%) , Positives = 70/99 (70%) , Gaps = 1/99 (1%) 

Query: 7 LTEENFESTIKKGVALVT>FWAPWCGPCKMLSPVIDELASEY-EGKAKICKVNTDEQEELS 65 

+T+ F+ K+G+ L+DFWA WCGPC+M +P++++L+ E E + KICK++ DE + 
Sbjct : 5 ITDATFDEETKEGLVLIDFWATWCGPCRMQAPILEQLSEELDESELKICKMDVDENPATA 64 

Query: 66 AKFGIRSIPTLLFTKDGEWHQLVGVQTKVALKEQLNKL 104 

FGI SIPTL+F KDGE V ++VGVQTK LK + +L 
Sbjct: 65 QGFGIMSIPTLMFKKDGEEVKRIVGVQTKAQLKAVIAEL 103 



tr Q7VKR2 Thioredoxin [trxA] [Haemophilus ducreyi] 105 AA 

align 

Score = 107 bits (268) , Expect = 3e-23 

Identities = 52/99 (52%), Positives = 71/99 (71%), Gaps = 4/99 (4%) 

Query: 1 MSHYIELTEENFESTIKKG- -VALVT)FWAPWCGPCKMLSPVIDELASEYEGKAKICKVNT 5 8 

M+H ++T+ FE + K L+DFWAPWCGPC+ ++P +DELA E + G+AK+ KVN 

Sbjct : 1 MTH- -QVTDATFEQEVLKSDLPVLLDFWAPWCGPCRTIAPWLDELAQEFAGRAKVAKVNV 58 

Query: 59 DEQEELSAKFGIRS I PTLLFTKDGEWHQLVGVQTKVAL 97 

DE + + + +A+FGIRSIPTLL K+GEW VGV K L 
Sbjct: 59 DENQQI AAQFGIRS I PTLLLFKNGEWAIQVG VLPKSQL 97 



tr Q7NM87 Thioredoxin [gll0880] [Gloeobacter violaceus] 110 AA 

align 

Score = 107 bits (268) , Expect = 3e-23 

Identities = 49/105 (46%) , Positives = 70/105 (66%) , Gaps = 2/105 (1%) 

Query : 1 MSHYIELTEENFESTIKKGV- - ALVDFWAPWCGPCKMLSPVIDELASEYEGKAKICKVNT 5 8 

MS + + + NF++ + LVDFWAPWCGPC+M++PV+DE+A +Y GK K+ KVNT 

Sbjct: 1 MSAAVPVGDSNFKTEVLDSELPVLVT)FWAPWCGPCRMVAPWDEIAQQYSGKLKVVKVNT 60 

Query: 59 DEQEELSAKFGIRS I PTLLFTKDGEWHQLVGVQTKVALKEQLNK 103 

DE ++++++GIRSIPTL+ K G V +VG K L L K 
Sbjct: 61 DENPQVASQYGIRSIPTLMVFKSGSKVDMWGAVPKTTLATTLEK 105 



sp P50254 Thioredoxin [trxA] [Porphyra yezoensis] 107 AA 

THIO_PORYE " " align 

Score = 107 bits (267) , Expect = 4e-23 

Identities = 48/102 (47%), Positives = 69/102 (67%), Gaps = 2/102 (1%) 

Query: 6 ELTEENFESTIKKG- - VALVDFWAPWCGPCKMLSPVIDELASEYEGKAKICKVNTDEQEE 63 

++T+ +F+ + LVDFWAPWCGPC+M+SPV+DE+A EYE K+ K+NTD+ 

Sbjct: 5 QVTDAS FKQEVINNNLPVL VDFWAPWCGPCRMVS P WDE I AEE YES S I KWKINTDDNPT 64 
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Query: 64 LS AKFG I RS I PTLL FTKDGE WHQLVG VQTKVALKEQLNKLL 105 

++A++GIRSIPTL+ K GE V ++G K L LNK + 
Sbjct: 65 IAAEYGIRSIPTLMIFKAGERVDTVIGAVPKSTLASTLNKYI 106 



S P Q9ZP20 Thioredoxin M-type, chloroplast precursor (TRX-M) [Oryza 172 

THIM_ORYSA sativa AA 

(Rice) ] align 

Score = 107 bits (267) , Expect = 4e-23 

Identities = 48/97 (49%), Positives = 67/97 (68%), Gaps = 2/97 (2%) 

Query: 9 EENFESTI - -KKGVALVDFWAPWCGPCKMLSPVIDELASEYEGKAKICKVNTDEQEELSA 66 

E+N++S + + LV+FWAPWCGPC+M+ + PVIDELA EY GK K CKVNTD-f + + 
Sbjct : 72 EKNWDSMVLGSEAPVLVEFWAPWCGPCRMIAPVIDELAKEYVGKIKCCKVNTDDSPNIAT 131 

Query: 67 KFGIRSIPTLLFTKDGEWHQLVGVQTKVALKEQLNK 103 

+GIRSIPT+L K+GE ++G K L ++K 
Sbjct: 132 NYGIRS I PTVLMFKNGEKKESVIGAVPKTTLATI IDK 168 



tr Q97EM7 Thioredoxin [CAC3083] [Clostridium acetobutylicum] 105 AA 

align 

Score = 107 bits (267) , Expect = 4e-23 

Identities = 50/100 (50%), Positives = 66/100 (66%), Gaps = 2/100 (2%) 

Query: 6 ELTEENFESTIKKG- - VALVDFWAPWCGPCKMLSPVIDELASEYEGKAKICKVNTDEQEE 63 

E+ E F+ IK + VD FWAPWCGPCKML P+IDEL+ + +GKAK KVN DE 

Sbjct: 4 EINESIFDEEIKTSGEPVIVIDFWAPWCGPCKMLGPIIDELSEDLDGKAKFTKVOTDENPG 63 

Query: 64 LSAKFGIRSIPTLLFTKDGEWHQLVGVQTKVALKEQLNK 103 

-f KFGI S1PT++ KDG V LVG + K ++ + K 
Sbjct: 64 IASKFGIASIPTVMIFKDGNPVETLVGFRPKQSITASIEK 103 



tr Q7V6M6 Thioredoxin [trxA] [Prochlorococcus marinus (strain MIT 9313)] 107 AA 

align 

Score = 107 bits (266) , Expect = 5e-23 

Identities = 48/107 (44%), Positives = 73/107 (67%), Gaps = 2/107 (1%) 

Query : 1 MSHYIELTEENFESTIKKG- - VALVDFWAPWCGPCKMLSPVIDELASEYEGKAKICKVNT 5 8 

MS+ +T+ +FE + 4- LVDFWAPWCGPC+M+ + P++DE+A E+E K K+ K+NT 

Sbjct: 1 MSNAAAVTDASFEQDVLQSDVPVLVDFWAPWCGPCRMVAPIVDEIAKEFESKIKVFKLNT 60 

Query: 59 DEQEELSAKFG I RSI PTLL FTKDGE WHQLVGVQTKVALKEQLNKLL 105 

DE +++++GIRSIPTL+ K G+ V +VG K L ++K L 
Sbjct: 61 DENPNVASQYGIRSIPTLMVFKGGQKVDTWGAVPKATLSGTISKYL 107 
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sp Q9ZP21 Thioredoxin M-type, chloroplast precursor (TRX-M) 175 

THIM_WHEAT [Triticum AA 

aestivum (Wheat)] align 

Score = 106 bits (265) , Expect = 7e-23 

Identities = 48/100 (48%) , Positives = 70/100 (70%) , Gaps = 2/100 (2%) 

Query : 9 EENFESTIK- -KGVALVDFWAPWCGPCKMLSPVIDELASEYEGKAKICKVNTDEQEELSA 66 

E+N+++ 4- 4- LV+-FWAPWCGPC+M+ + PVIDELA +Y GK K CKVNTD+ +++ 
Sbjct: 75 EKNWDNMVIACESPVLVEFWAPWCGPCRMIAPVIDELAKDYVGKIKCCKVNTDDCPNIAS 134 

Query: 67 KFGIRSIPTLLFTKDGEWHQLVGVQTKVALKEQLNKLLG 106 

-hGIRSIPT+L KDGE ++G K L -f+K +G 
Sbjct: 135 TYGIRS I PTVLMFKDGEKKES VIGAVPKTTLCTI IDKYIG 174 



tr Q6CZE0 Thioredoxin [ECA4212] [Erwinia carotovora subsp. atroseptica 108 AA 
SCRI1043] 

align 

Score = 106 bits (265) , Expect = 7e-23 

Identities = 50/99 (50%), Positives = 68/99 (68%), Gaps = 2/99 (2%) 

Query : 5 IELTEENFESTI - -KKGVALVDFWAPWCGPCKMLSPVIDELASEYEGKAKICKVNTDEQE 62 

I LT++- + F + +• 4-G LVDFWA WCGPCKM+4- P++DE+A E+EGK -f K>N DE 
Sbjct : 6 IHLTDDSFGTKVLQAEGATLVDFWAEWCGPCKMIAPILDEIAEEFEGKLTVTKLNIDENP 65 

Query: 63 ELSAKFGIRSIPTLLFTKDGEWHQLVGVQTKVALKEQL 101 

4 K+GIR IPTLL K+GEV VG +K LKE L 
Sbjct: 66 ATAPKYGIRGIPTLLLFKNGEVAATKVGALSKGQLKEFL 104 



tr Q7CET1 Putative thioredoxin [trx.2] [Streptococcus pyogenes (serotype 104 
M3)] AA 

align 

Score = 106 bits (264), Expect = 9e-23 

Identities = 49/101 (48%), Positives = 71/101 (69%), Gaps = 1/101 (0%) 

Query: 5 IELTEENFESTI KKGVALVDFWAPWCGPCKMLSPVIDELASEY-EGKAKICKVNTDEQEE 63 

+E+T+ F K+G+ L+DFWA WCGPC+M +P++++L+ E E + KI K++ DE E 
Sbjct : 3 LEVTDATFVEETKEGLVLIDFWATWCGPCRMQAPILEQLSQEIDEDELKILKMDVDENPE 62 

Query: 64 LSAKFGIRSIPTLLFTKDGEWHQLVGVQTKVALKEQLNKL 104 

+ +FGI SIPTL+F KDGEVV Q+ GV TK LK + +L 
Sbjct: 63 TARQFGIMS I PTLMFKKDGE WKQVAGVHTKDQLKAI IAEL 103 



tr Q 99Y75 Putative thioredoxin [trx] [Streptococcus pyogenes] 104 AA 

align 



Score = 106 bits (264), Expect = 9e-23 
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Identities = 49/101 (48%), Positives = 71/101 (69%), Gaps = 1/101 (0%) 

Query : 5 IELTEENFESTIKKGVALVDFWAPWCGPCKMLS PVIDELASEY - EGKAKICKVNTDEQEE 63 

+E+T+ F K+G+ L+DFWA WCGPC+M +P++++L+ E E + KI K+ + DE E 
Sbjct : 3 LEVTDATFVEETKEGLVLIDFWATWCGPCRMQAPILEQLSQEIDEDELKILKMDVDENPE 62 

Query: 64 LSAKFGIRSIPTLLFTKDGEWHQLVGVQTKVALKEQLNKL 104 

+ +FGI SIPTL+F KDGEW Q+ GV TK LK + +L 
Sbjct: 63 TARQFGIMSIPTLMFKKDGEWKQVAGVHTKDQLKAIIAEL 103 



tr Q8NZI7 Putative thioredoxin [trxA] [Streptococcus pyogenes (serotype 104 
M18)] AA 



align 



Score = 106 bits (264) , Expect = 9e-23 

Identities = 49/101 (48%) , Positives = 71/101 (69%) , Gaps = 1/101 (0%) 

Que ry : 5 IELTEENFE S T I KKGVAL VDFWAPWCGPCKMLS PVIDELASEY - EGKAKI CKWTDEQEE 6 3 

+E+T+ F K+G+ L+DFWA WCGPC+M +P++++L+ E E + KI K+ + DE E 
Sbjct : 3 LEVTDATFVEETKEGLVLIDFWATWCGPCRMQTPILEQLSQEIDEDELKILKMDVDENPE 62 

Query: 64 LS AKFG IRS I PTLLFTKDGE WHQL VGVQTKVALKEQLNKL 104 

+ +FGI SIPTL+F KDGEW Q+ GV TK LK + +L 
Sbjct: 63 TARQFGIMSIPTLMFKKDGEWKQVAGVHTKDQLKAIIAEL 103 



tr Q8E3 J7 Hypothetical protein gbsl762 [gbsl762] [Streptococcus 104 
agalactiae AA 
(serotype III)] align 

Score = 106 bits (264) , Expect = 9e-23 

Identities = 49/101 (48%), Positives = 71/101 (69%), Gaps = 1/101 (0%) 

Query : 5 IELTEENFESTIKKGVALVIDFWAPWCGPCKMLSPVIDELASEY-EGKAKICKVNTDEQEE 63 

. +E+T+ F K+G+ L+DFWA WCGPC+M +P++++L+ E E + KI K++ DE E 
Sbjct : 3 LEVTDATFVEETKEGLVLIDFWATWCGPCRMQAPILEQLSQEIDEDELKILKMDVDENPE 62 

Query: 64 LSAKFGIRSIPTLLFTKDGEWHQLVGVQTKVALKEQLNKL 104 

+ +FGI SIPTL+F KDGEW Q+ GV TK LK + +L 
Sbjct: 63 TARQFGIMSIPTLMFKKDGEWKQVAGVHTKDQLKAIIAEL 103 



tr Q8DXX8 Thioredoxin [trx] [Streptococcus agalactiae (serotype V) ] 104 AA 

align 

Score = 106 bits (264) , Expect = 9e-23 

Identities = 49/101 (48%), Positives = 71/101 (69%), Gaps = 1/101 (0%) 

Query : 5 IELTEENFESTIKKGVALVDFWAPWCGPCKMLSPVIDELASEY-EGKAKICKVNTDEQEE 63 

+E+T+ F K+G+ L+DFWA WCGPC+M +P++++L+ E E + KI K++ DE E 
Sbjct : 3 LEVTDATFVEETKEGLVLIDFWATWCGPCRMQAPILEQLSQEIDEDELKILKMDVDENPE 62 
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Query: 64 LSAKFGIRSIPTLLFTKDGEWHQLVGVQTKVALKEQLNKL 104 

+ + FGI SIPTL+F KDGEW Q+ GV TK LK + +L 
Sbjct: 63 TARQFGIMSIPTLMFKKDGEWKQVAGVHTKDQLKAIIAEL 103 



tr Q879K6 Putative thioredoxin [SPs0281] [Streptococcus pyogenes 110 
(serotype AA 
M3) ] align 

Score = 106 bits (264) , Expect = 9e-23 

Identities = 49/101 (48%) , Positives = 71/101 (69%) , Gaps = 1/101 (0%) 

Query: 5 IELTEENFESTIKKGVALVTDFWAPWCGPCKMLSPVIDELASEY-EGKAKICKVNTDEQEE 63 

+E+T+ F K-fG-f L+DFWA WCGPC+M +P++++L+ E E + KI K++ DE E 
Sbjct: 9 LEVTDATFVEETKEGLVLIDFWATWCGPCRMQAPILEQLSQEIDEDELKILKMDVDENPE 68 

Query: 64 LSAKFGIRSIPTLLFTKDGEWHQLVGVQTKVALKEQLNKL 104 

+ +FGI SIPTL+F KDGEW Q-f GV TK LK + +L 
Sbjct: 69 TARQFGIMS I PTLMFKKDGEWKQVAGVHTKDQLKAI I AEL 109 



tr Q7NXP2 Thioredoxin [trxA] [Chromobacterium violaceum] 108 AA 

align 

Score = 106 bits (264), Expect = 9e-23 

Identities = 47/95 (49%), Positives = 67/95 (70%), Gaps = 2/95 (2%) 

Query: 5 IELTEENFESTIKKG- -VALVDFWAPWCGPCKMLSPVIDELASEYEGKAKICKVNTDEQE 62 

+ +T+++FE+ + K LVD+WA WCGPCKM++P++DE+A EY+GK KI K+N D+ E 

Sbjct : 6 LHVTDDSFENEVLKADRPVLVDYWAEWCGPCKMIAPILDEVAKEYDGKLKIAKLNIDQNE 65 

Query: 63 ELSAKFGIRSIPTLLFTKDGEWHQLVGVQTKVAL 97 

+ KFGIR IPTL+ KDG+V VG +K L 
Sbjct: 66 QTPPKFGIRGIPTLMLFKDGQVAATKVGALSKSQL 100 



S P P52231 Thioredoxin (TRX) [trxA] [Synechocystis sp. (strain PCC 106 

THIO_SYNY3 6803)] AA 

align 

Score = 105 bits (263), Expect = le-22 
Identities = 45/84 (53%) , Positives = 61/84 (72%) 

Query: 22 LVDFWAPWCGPCKMLSPVIDELASEYEGKAKICKVNTDEQEELSAKFGIRSIPTLLFTKD 81 

LVDFWAPWCGPC+M++PV+DE++ +YEGK K+ K+NTDE ++4-+GIRSIPTL+ K 
Sbjct: 23 LVT)FWAPWCGPCRMVAPWDEISQQYEGKVKVVKLNTDENPNTASQYGIRSIPTLMIFKG 82 

Query: 82 GEWHQLVGVQTKVALKEQLNKLL 105 

G+ V -fVG K L L K L 
Sbjct: 83 GQRVDMWGAVPKTTLASTLEKYL 106 
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sp P 0Q275 Thioredoxin C-l [Corynebacterium nephridii] 105 AA 

TH I l_CORNE align 

Score = 105 bits (263), Expect = le-22 

Identities = 48/97 (49%), Positives = 67/97 (68%), Gaps = 2/97 (2%) 

Query: 5 IELTEENFESTIKKGV- -ALVX)FWAPWCGPCKMLSPVIDELASEYEGKAKICKVNTDEQE 62 

++ + NF+S + + +VDFWA WCGPCKM++P +DE+A+E G+ KI KVN DE 

Sbjct: 3 VKVT)NSNFQSDVLQSSEPVVvT)FWAEW 62 

Query: 63 ELSAKFGIRSIPTLLFTKDGEVATHQLVGVQTKVALKE 99 

EL+A+FG+RSIPTLL KDGE+ +VG K L + 
Sbjct: 63 ELAAQFGVRS I PTLLMFKDGELAANMVGAAPKSRLAD 99 



tr Q8YW7 Thioredoxin [alll86 6] [Anabaena sp. (strain PCC 110 AA 

7120)] align 

Score = 105 bits (263), Expect = le-22 

Identities = 49/105 (46%), Positives = 70/105 (66%), Gaps = 2/105 (1%) 

Query: 1 MSHYIELTEENFESTIKKG- -VALVDFWAPWCGPCKMLSPVIDELASEYEGKAKICKVNT 58 

MS +TE F+ + LVDFWAPWCGPC+M++PV+DE+ASEYEG K+ K+NT 

Sbjct: 1 MSSITNVTEATFKQEVLDSIWPVLTOFWAPWCGPCRMVAPVA^EVASEYEGLVKWKLNT 60 

Query: 59 DEQEELSAKFGIRSIPTLLFTKDGEWHQLVGVQTKVALKEQLNK 103 

D+ +++ +GIRSIPTL+ K G V+ +VG +K L + L + 
Sbjct: 61 DQNPTVASHYGIRSIPTLMVFKGGRQVNTWGAVSKTTLTKTLTQ 105 



tr Q8DDN7 Thioredoxin [W10938] [Vibrio vulnificus] 108 AA 

align 

Score = 105 bits (263), Expect = le-22 

Identities = 51/100 (51%), Positives = 66/100 (66%), Gaps = 2/100 (2%) 

Query: 5 IELTEENFESTI - - KKGVALVDFWAPWCGPCKMLSPVIDELASEYEGKAKICKVNTDEQE 62 

++L++E FE+ + G LVDFWA WCGPCKM++P++DE+A EYEGK I K+N D 
Sbjct : 6 ' LQLSDEGFENDVINAAGPVLVDFWAEWCGPCKMIAPILDEIAEEYEGKLTIGKLNIDHNA 65 

Query: 63 ELSAKFGIRSIPTLLFTKDGEWHQLVGVQTKVALKEQLN 102 

KFGIR IPTLL K+G V VG +K LKE L+ 
Sbjct: 66 GTPPKFGIRGIPTLLLFKNGSVAATKVGALSKTQLKEFLD 105 



tr Q7MGP8 Thiol -disulfide isomerase and thioredoxin [W3182] [Vibrio 112 AA 
vulnificus (strain YJ016)] 

align 

Score = 105 bits (263), Expect = le-22 

Identities = 51/100 (51%), Positives = 66/100 (66%), Gaps = 2/100 (2%) 
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Query: 5 IELTEENFESTI - - KKGVALVDFWAPWCGPCKMLSPVIDELASEYEGKAKICKVNTDEQE 62 

FE+ + G LVDFWA WCGPCKM++P++DE+A EYEGK I K+N D 
Sbjct: 10 LQLSDEGFENDVINAAGPVLVDFWAEWCGPCKMIAPILDEIAEEYEGKLTIGKLNIDHNA 69 

Query: 63 ELSAKFGIRSIPTLLFTKDGEWHQLVGVQTKVALKEQLN 102 

KFGIR IPTLL K+G V VG + K LKE L+ 
Sbjct: 70 GTPPKFGIRGIPTLLLFKNGSVAATKVGALSKTQLKEFLD 109 



tr 067747 Thioredoxin [trxAl] [Aquifex aeolicus] 13 9 AA 

align 

Score = 105 bits (263), Expect = le-22 

Identities = 49/101 (48%), Positives = 72/101 (70%), Gaps = 6/101 (5%) 

Query: 5 IELTEENFESTIKKG- -VALVDFWAPWCGPCKMLSPVIDELASEYEGKAKICKVNTDEQE 62 

IEL E+N+E + + LVDFWAPWCGPC+++4-P+I+E+A E K K> K-f MTDE 

Sbjct : 6 I ELNEQNWEQE VLQSDKPVL VDFWAPWCGPCRI I AP 1 1 EE I AEELGDKVKVGKLNTDENP 65 

Query: 63 ELS AKFG IRS I PTLLFTKDGEWHQLVGVQTKVALKEQLNK 103 

++ ++GIR+IPT++ K+GEW +GVQ KE+LNK 
Sbjct: 66 NIAMRYGIRAIPTIILFKNGEWDTRIGVQP KERLNK 102 



tr 0 28984 Thioredoxin (Trx-3) [AF1284] [Archaeoglobus 134 AA 

fulgidus] align 

Score = 105 bits (261) , Expect = 2e-22 

Identities = 50/102 (49%), Positives = 68/102 (66%), Gaps = 1/102 (0%) 

Query : 5 IELTEENFESTIKKGV-ALVDFWAPWCGPCKMLSPVIDELASEYEGKAKICKVNTDEQEE 63 

++L NF+ T+K +VDFWA WC PCKM++PVI+ELA EY GK K+NTDE 

Sbjct: 3 3 VKLNSSNFDETLKNNENVWDFWAEW 92 

Query: 64 LSAKFGIRSIPTLLFTKDGEWHQLVGVQTKVALKEQLNKLL 105 

++A++GI +IPTL+F K G+ V QLVG K LK + + L 
Sbjct: 93 IAARYGISAIPTLIFFKKGKPVDQLVGAMPKSELKRWVQRNL 134 



tr Q7V126 Thioredoxin [trxA] [Prochlorococcus marinus subsp. pastoris 107 
(strain AA 
CCMP 1378 / MED4 ) ] align 

Score = 104 bits (260) , Expect = 3e-22 

Identities = 47/107 (43%), Positives = 73/107 (67%), Gaps = 2/107 (1%) 

Query: 1 MSHYIELTEENFESTIKKG- - VALVDFWAPWCGPCKMLSPVIDELASEYEGKAKICKVNT 58 

MS +T+ +F+ + + LVDFWAPWCGPC+M++PV++E++ ++EGK K+ K+NT 

Sbjct: 1 MS S APAVTDS S FDKE VLQSNLPVLVDFWAPWCGPCRMVAP WEE I S KD FEGKI KVFKLNT 60 

Query: 59 DEQEELSAKFGIRSIPTLLFTKDGEWHQLVGVQTKVALKEQLNKLL 105 

DE +++++GIRSIPTL+ K G+ V +VG K L L+K L 
Sbjct: 61 DENPNVASQYGIRS I PTLMI FKGGQKVDTWGAVPKATLSSTLSKHL 107 
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tr Q7UJ3 5 Thioredoxin 1 [trxA] [Rhodopirellula baltica] 108 AA 

align 

Score = 104 bits (260) , Expect = 3e-22 

Identities = 52/101 (51%), Positives = 69/101 (67%), Gaps = 3/101 (2%) 

Query: 6 ELTEENFESTIKKGVA- -LVDFWAPWCGPCKMLSPVIDELASEYEGKAKICKVNTDEQEE 63 

E ++NF+S + K + LVDFWAPWCGPC-f ++P+IDELASE G KI KVW D+ 
Sbj Ct : 8 EFNDDNFDSEVLKSDSPVLVDFWAPWCGPCRQIAPMIDELASENPG-VKIGKVNIDDNPG 66 

Query : 64 LS AKFG IRS I PTLLFTKDGE WHQLVGVQTKVALKEQLiNKL 104 

+ KFGI SIPTLL K+GE+ VGV+ K AL+ + L + 
Sbjct: 67 AAQKFG INS I PTLLLFKNGE I ADTFVGVRPKAALQDALTS V 107 



tr Q7MYL3 Thioredoxin 1 (TRX1) (TRX) [trxA] [Photorhabdus luminescens 10 8 

(subsp. AA 
laumondii)] align 

Score = 104 bits (260), Expect = 3e-22 

Identities = 49/100 (49%), Positives = 67/100 (67%), Gaps = 2/100 (2%) 

Query: 5 IELTEENFESTIKK- -GVALVDFWAPWCGPCKMLSPVIDELASEYEGKAKICKVNTDEQE 62 

I L++ + G LVDFWA WCGPCKM++P++DE+A EY GK I K+N D+ 

Sbjct : 6 IHLSDASFDTDVLNAAGPVLVDFWAAWCGPCKMIAPILDEIAPEYSGKLTITKLNIDDNP 65 

Query: 63 ELSAKFGIRSIPTLLFTKDGEWHQLVGVQTKVALKEQLN 102 

+ K+GIR IPTLL KDG+V VG +K LKE L+ 
Sbjct: 66 ATAPKYGIRGIPTLLLFKDGQVAATKVGALSKTQLKEFLD 105 



tr Q7U898 Thioredoxin [trxA] [Synechococcus sp. (strain 107 AA 

WH8102)] align 

Score = 104 bits (259) , Expect = 3e-22 

Identities = 46/107 (42%), Positives = 73/107 (67%), Gaps = 2/107 (1%) 

Query: 1 MSHYIELTEENFESTIKKG- -VALVDFWAPWCGPCKMLSPVIDELASEYEGKAKICKVNT 5 8 

MS +T+ +FE + + LVDFWAPWCGPC+M++P+++E+A E++G+ K+ K+NT 

Sbjct : 1 MSSAAAVTDASFEQDVLQSDVPVLVDFWAPWCGPCRMVAPIVEEIAKEFDGQIKVFKLNT 60 

Query: 59 DEQEELSAKFGIRSIPTLLFTKDGEWHQLVGVQTKVALKEQLNKLL 105 

DE +++++GIRSIPTL+ K G+ V +VG K L ++K L 
Sbjct: 61 DENPNVASQYGIRSIPTLMVFKGGQKVDTWGAVPKATLSGTISKYL 107 



tr Q95AH9 Putative thioredoxin m2 [trxm2] [Pisum sativum (Garden pea)] 180 AA 

align 
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Score = 104 bits (259) , Expect = 3e-22 

Identities = 48/101 (47%), Positives = 68/101 (66%), Gaps = 2/101 (1%) 

Query: 7 LTEENFESTIKKG- -VALVDFWAPWCGPCKMLSPVIDELASEYEGKAKICKVNTDEQEEL 64 

+T+ N+ + S + + LV+FWAPWCGPC+M+ P+IDELA EY GK K K+NTDE 

Sbjct : 80 ITDGNWQSLVIESDTPVLVEFWAPWCGPCRMMHPIIDELAKEYVGKFKCYKLNTDESPST 139 

Query: 65 SAKFGIRSIPTLLFTKDGEWHQLVGVQTKVALKEQLNKLL 105 

+ ++GIRSIPT++F KDGE ++G K +L + K L 

Sbjct: 140 ATRYGIRSIPTVIFFKDGEKKDAIIGSVPKASLITTIEKFL 180 



sp Q9S386 Thioredoxin (Trx) [trxA] [Listeria monocytogenes, Listeria 103 

THIO_LISMO innocua] AA 

align 

Score = 103 bits (258) , Expect = 4e-22 
Identities = 46/98 (46%), Positives = 63/98 (63%) 

Query : 6 ELTEENFESTIKKGVALVT)FWAPWCGPCKMLSPVIDELASEYEGKAKICKVNTDEQEELS 65 

E+T+ FE +G+ L DFWA WCGPC+M4-+PV++E + E KI K++ DE E 

Sbjct: 4 EITDATFEQETSEGLVLTDFWATWCGPCRMVAPVLEEIQEERGEALKIVKMDVDENPETP 63 

Query: 66 AKFGIRSIPTLLFTKDGEWHQLVGVQTKVALKEQLNK 103 

FG+ SIPTLL KDGEW ++G + K L E +NK 
Sbjct: 64 GS FGVMS I PTLL I KKDGE WET I IGYRPKEELDE VINK 101 



tr Q720J6 Thioredoxin [trx-1] [Listeria monocytogenes (serotype 4b / 103 
strain AA 
F2365)] align 

Score = 103 bits (258) , Expect = 4e-22 
Identities = 46/98 (46%), Positives = 63/98 (63%) 

Query: 6 ELTEENFESTIKKGVALVI)FWAPWCGPCKMLSPVIDELASEYEGKAKICKVNTDEQEELS 65 

E+T+ FE +G+ L DFWA WCGPC+M+ + PV+4-E+ E KI K++ DE E 

Sb j ct : 4 EITDATFEQETSEGLVLTDFWATWCGPCRMVAPVLEEIQEERGEALKIVKMDVDENPETP 63 

Query: 66 AKFGIRSIPTLLFTKDGEWHQLVGVQTKVALKEQLNK 103 

FG+ SIPTLL KDGEW ++G + K L E +NK 
Sbjct: 64 GSFGVMSIPTLLIKKDGEWETIIGYRPKEELDEVINK 101 



tr Q8YE56 THIOREDOXIN C-l [BMEI2022] [Brucella melitensis] 107 AA 

align 

Score = 103 bits (257) , Expect = 6e-22 

Identities = 47/97 (48%) , Positives = 66/97 (67%) , Gaps = 2/97 (2%) 

Query: 5 IELTEENFESTIKKGV- -ALVDFWAPWCGPCKMLSPVIDELASEYEGKAKICKVNTDEQE 62 

+ + + NF+S + + +VDFWA WCGPCK -h + P +DE+A+E G+ KI KVN DE 

Sbjct: 4 VKOTNSNFQSDVLQSSEPVWDFWAEWCGPCKTIAPALDEIAAEI^GQVKIAKVNIDENP 63 
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Query: 63 ELSAKFGIRSIPTLLFTKDGEWHQLVGVQTKVALKE 99 

EL+A+FG+RSIPTLL KDGE+ +VG K h + 
Sbjct: 64 ELAAQFGVRSIPTLLMFKDGELAANMVGAAPKSRLAD 100 



tr Q8FXY9 Thioredoxin [trx-1] [Brucella suis] 107 AA 

align 

Score = 103 bits (257) , Expect = 6e-22 

Identities = 47/97 (48%) , Positives = 66/97 (67%) , Gaps = 2/97 (2%) 

Query: 5 IELTEENFESTIKKGV- -ALVDFWAPWCGPCKMLSPVIDELASEYEGKAKICKVNTDEQE 62 

+ + + NF+S + + -fVDFWA WCGPCK + + P 4-DE+A+E G+ KI KVN DE 

Sbjct: 4 VKVI)NSNFQSDVLQSSEPWvT)FWAEWCGPCKTIAPALDEIAAEI^GQVKIAKVNIDENP 63 

Query: 63 ELSAKFGIRSIPTLLFTKDGEWHQLVGVQTKVALKE 99 

EL+A+FG+-RS I PTLL KDGE+ +VG K h + 
Sbjct: 64 ELAAQFGVRS I PTLLMFKDGELAANMVGAAPKSRLAD 100 



Q835H2 Thioredoxin [trx] [Enterococcus faecalis (Streptococcus 104 
faecalis)] AA 

align 

Score = 103 bits (257) , Expect = 6e-22 

Identities = 48/100 (48%) , Positives = 69/100 (69%) , Gaps = 1/100 (1%) 

Query : 7 LTEENFESTIKKGVALVIDFWAPWCGPCKMLSPVIDELASEY-EGKAKICKVNTDEQEELS 65 

+T+++F + +G+ L+DFWA WCGPC+M +P++++L+ EY E + KI K++ DE 
Sbjct : 5 ITDKDFATETDEGLVLIDFWATWCGPCRMQAPILEQLSEEYDEDEVKIVKMDVDENPATP 64 

Query: 66 AKFGIRSIPTLLFTKDGEWHQLVGVQTKVALKEQLNKLL 105 

A FGI SI PTLL KDGEW + VGV TK L+ + K L 
Sbjct: 65 AS FGI MS I PTLLLKKDGEWEKAVGVHTKDQLQAMI AKHL 104 



S P P33791 Thioredoxin (TRX) (Fragment) [trxA] [Streptomyces 

THIO STRAU aureofaciens] 



Score = 103 bits (256), Expect = 7e-22 
Identities = 49/103 (47%), Positives = 69/103 (66%) , Gaps = 2/103 (1%) 

Query: 5 IELTEENFESTIKKG- -VALVDFWAPWCGPCKMLSPVIDELASEYEGKAKICKVNTDEQE 62 

f+S + + LV F PWCGPCKM++PV+DE+A+EYEGK K+ KVNTDE 

Sbjct: 4 VKVTNATFKSDVLESDKPVLVHFEGPWCGPCKMVAPVLDEIANEYEGKVKVAKVNTDENP 63 

Query: 63 ELS AKFGIRS I PTLLFTKDGE WHQLVGVQTKVALKEQLNKLL 105 

+L + + 4-+G+RSIPT L K GEV +VG K L L+ L 
Sbjct: 64 QLASQYGVRSIPTRLMFKGGEVAANMVGAAPKTRLAAFLDASL 106 



106 
AA 

alig n 
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sp PQ7591 Thioredoxin M-type, chloroplast precursor (TRX-M) 181 

THIM_SPIOL [Spinacia 

oleracea (Spinach)] align 

Score = 102 bits (255) , Expect = le-21 
Identities = 44/84 (52%) , Positives = 60/84 (71%) 

Query: 22 LVT)FWAPWCGPCKMLSPVIDELASEYEGKAKICKVNTDEQEELSAKFGIRSIPTLLFTKD 81 

+VDFWAPWCGPCK-f++PVIDELA EY GK 4- K+NTDE ++ + + IRSIPT+LF K+ 
Sbjct : 96 MVDFWAPWCGPCKLIAPVIDELAKEYSGKIAVYKLNTDEAPGIATQYNIRSIPTVLFFKN 155 

Query: 82 GEWHQLVGVQTKVALKEQLNKLL 105 

GE -f+G K L + + K L 
Sbjct: 156 GERKES I IGAVPKSTLTDS I EKYL 179 



S P Q41864 Thioredoxin M-type, chloroplast precursor (TRX-M) [TRM1] 167 

THIM_MAIZE [Zea mays AA 

(Maize)] align 

Score = 102 bits (255) , Expect = le-21 
Identities = 44/85 (51%) , Positives = 60/85 (69%) 

Query : 22 LVDFWAPWCGPCKMLSPVIDELASEYEGKAKICKVNTDEQEELSAKFGIRSIPTLLFTKD 81 

LV+FWAPWCGPC+M++PVIDELA +Y GK CKVNTD+ + + + +GIRSIPT+L K 
Sbjct : 81 LVEFWAPWCGPCRMIAPVIDELAKDYAGKITCCKVNTDDSPNVASTYGIRSIPTVLIFKG 140 

Query: 82 GEWHQLVGVQTKVALKEQLNKLLG 106 

GE ++G K L ++K +G 
Sbjct: 141 GEKKESVIGAVPKSTLTTLIDKYIG 165 



tr Q81L73 Thioredoxin [trx] [Bacillus anthracis] 104 AA 

align 

Score = 102 bits (254), Expect = le-21 
Identities = 44/99 (44%) , Positives = 68/99 (68%) 

Query : 5 IELTEENFESTIKKGVALVDFWAPWCGPCKMLSPVIDELASEYEGKAKICKVNTDEQEEL 64 

+ + + + F + +.QV L+DFWAPWCGPCKM++PV++E+ +E K K+ KV+ DE +E 
Sbjct: 4 WANDQSFAAETSEGWLLDFWAPWCGPCKMIAPVLEEIDAELGEKVKWKVDVID 63 

Query: 65 SAKFGIRS I PTLLFTKDGEWHQLVGVQTKVALKEQLNK 103 

+ +F + SIP L KDG+W Q +G + K AL E ++K 
Sbjct: 64 ARQFE VMS I PALFVLKDGKWDQALGYKPKEALVELVS K 102 



tr Q817L8 Thioredoxin [BC4521] [Bacillus cereus (strain ATCC 1457 9 / DSM 104 
31)] AA 

align 

Score = 102 bits (254), Expect = le-21 
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Identities = 44/99 (44%) , Positives = 68/99 (68%) 

Query: 5 IELTEENFESTIKKGVALVI)FWAPWCGPCKMLSPVIDELASEYEGKAKICKVNTDEQEEL 64 

+ +++F + +GV L+DFWAPWCGPCKM++PV++E+ +E K K+ KV+ DE +E 
Sbjct: 4 WANDQSFAAETSEGWLLDFWAPWCGPCKMIAPVLEEIDAELGEKVKWKVDVDEMQET 63 

Query: 65 SAKFGIRSIPTLLFTKDGEWHQLVGVQTKVALKEQLNK 103 

+ +F + SIP L KDG+W Q +G + K AL E ++K 
Sbjct: 64 ARQFEVMS I PALFVLKDGKWDQALGYKPKEALVELVSK 102 



tr Q72ZM0 Thioredoxin [trx] [Bacillus cereus (strain ATCC 104 AA 

10987)] align 

Score = 102 bits (254), Expect = le-21 
Identities = 44/99 (44%) , Positives = 68/99 (68%) 

Query : 5 IELTEENFESTIKKGVALVTDFWAPWCGPCKMLSPVIDELASEYEGKAKICKVNTDEQEEL 64 

+ + + + F 4- +GV L+DFWAPWCGPCKM+ + PV++E+ +E K K+ KV+ DE +E 
Sbjct: 4 WANDQSFAAETSEGWLLDFWAPWCGPCKMIAPVLEEIDAELGEKVKWKVX)TO 63 

Query: 65 SAKFGIRSIPTLLFTKDGEWHQLVGVQTKVALKEQLNK 103 

+ +F + SIP L KDG+W Q +G + K AL E ++K 
Sbjct: 64 ARQFEVMS I PALFVLKDGKWDQALGYKPKEALVELVSK 102 



tr Q6HD04 Thioredoxin [trxA] [Bacillus thuringiensis serovar konkukian 104 
str. AA 
97-27] align 

Score = 102 bits (254) , Expect = le-21 
Identities = 44/99 (44%) , Positives = 68/99 (68%) 

Query : 5 IELTEENFESTIKKGVALVI)FWAPWCGPCKMLSPVIDELASEYEGKAKICKVNTDEQEEL 64 

+ + + + F + +GV L+DFWAPWCGPCKM++PV++-E+ -+-E K K+ KV+ DE +E 
Sbjct: 4 VTsJANDQSFAAETSEGVVLLDFWAPWCGPCKMIAPVLE 63 

Query: 65 SAKFGIRSIPTLLFTKDGEWHQLVGVQTKVALKEQLNK 103 

+ +F + SIP L KDG+W Q +G + K AL E + + K 
Sbjct: 64 ARQFEVMS I PALFVLKDGKWDQALGYKPKEALVELVSK 102 



tr Q8EJQ6 Thioredoxin 1 [trxA] [Shewanella oneidensis] 108 AA 

align 

Score = 102 bits (253), Expect = 2e-21 

Identities = 46/97 (47%), Positives = 66/97 (67%), Gaps = 2/97 (2%) 

Query: 5 IELTEENFESTIKKG--VALTOFWAPWCGPC™LSPVIDELASEYEGKAKICKVNTDEQE 62 

I L++++FE+ + K LVDFWA WCGPCKM++P+ +D++A EY G+ I K+N D+ 

Sbjct: 6 IYLSDDSFENDVLKADLPVLVI)FWAEWCGPCKMIAPILDDVAEEYAGRVTIAKLNVI)QNN 65 

Query: 63 ELS AKFG IRS I PTLLFTKDGE WHQLVGVQTKVALKE 99 
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AK+G+R IPTLL K+GE+ VG +K LKE 
Sbjct: 66 VSPAKYGVRGIPTLLLFKNGELAATKVGALSKTQLKE 102 



tr Q8DSD2 Putative thioredoxin [trxA] [Streptococcus mutans] 104 AA 

align 

Score = 102 bits (253) , Expect = 2e-21 

Identities = 48/93 (51%), Positives = 64/93 (68%), Gaps = 1/93 (1%) 

Query : 7 LTEENFESTIKKGVALVDFWAPWCGPCKMLSPVIDELASEY-EGKAKICKVNTDEQEELS 65 

+T+ FE + KG+ LVDFWA WCGPC M +P++++L+ E E + KI K++ DE + 
Sbjct: 5 VTDATFEAETAKGLVLVDFWATWCGPCLMQAPILEQLSEELDEDELKIVKLDVDENPNTA 64 

Query: 66 AKFG IRS I PTLLFTKDGEWHQLVGVQTKVALK 98 

FGI SIPTLLF KDGEW Q~h GV TK +K 
Sbjct: 65 QNFG I MS I PTLL FKKDGE WKQ VAGVHTKDQ I K 97 



tr Q8L1N0 Thioredoxin [trxA] [Buchnera aphidicola (subsp. Pemphigus 110 AA 
spyrothecae) ] 

align 

Score = 102 bits (253) , Expect = 2e-21 

Identities = 46/103 (44%), Positives = 68/103 (65%), Gaps = 2/103 (1%) 

Query: 5 IELTEENFESTT - -KKGVALVDFWAPWCGPCKMLSPVIDELASEYEGKAKICKVNTDEQE 62 

I + EENFE I +K LVDFWA WC PCK-f L+P+ + + E+A+EY+ K + K+N DE 
Sbjct: 7 INVNEENFEKNILQEKNFILVDFWAEWCNPCKILAPILEEIANEYQDKLIVAKINIDENP 66 

Query: 63 ELSAKFGI RS I PTLLFTKDGE WHQLVGVQTKVALKEQLNKLL 105 

++ K+ IR IP LL K+G + + +G +K+ L+ LNK L 
Sbjct: 67 NIAPKYSIRGIPALLLFKNGTLLKTKIGALSKIQLQTFLNKYL 109 



tr Q8P4D3 Thioredoxin [trxA] [Xanthomonas campestris (pv. campestris) ] 113 AA 

align 

Score = 101 bits (252) , Expect = 2e-21 
Identities = 45/85 (52%) , Positives = 59/85 (68%) 

Query: 22 LVX)FWAPWCGPCKMLSPVIDELASEYEGKAKICKVNTDEQEELSAKFGIRSIPTLLFTKD 81 

LVDFWA WCGPCKM-f + PV+D+LA Y+GK K+ KVN D+ L+ K+ -+-RSIP LL KD 
Sbjct: 25 LvI5FWAEWCGPCKMIAPVLDDLADTYQGKLKVAKVTm)QNRALAIKYHVRSIPMLLLFKD 84 

Query: 82 GEWHQLVGVQTKVALKEQLNKLLG 106 

GEV +G K L + ++K LG 
Sbjct: 85 GE VQAS Q I GAVGKGQLTQM I DKTLG 109 
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tr Q7M0Y9 Thioredoxin [Clostridium pasteurianum] 104 AA 

align 

Score = 101 bits (252), Expect = 2e-21 

Identities = 50/99 (50%), Positives = 65/99 (65%), Gaps = 1/99 (1%) 

Query: 6 ELTEENFESTIKKGVALVTDFWAPWCGPCKMLSPVIDELASEYEGKAKICKVNTDEQEELS 65 

++ + NF+ +K G +VDFWA WCGPCKML PVIDE SE +GK I KVN D ++ 
Sbjct: 4 DINDSNFQEEVKAGTVWDFWAAWCGPCKMLGPVIDEDLSEEQGKLDIAKVNVDTNPIVA 63 

Query: 66 AKFGIRS IPTLLFTKDGEWHQ - LVGVQTKVALKEQLNK 103 

++F I SIPT+L K+G+V + LVG K LKE L K 
Sbjct: 64 SRFEIASIPTVLVFKNGQVADETLVGFAPKGRLKEVLQK 102 



tr Q88CG6 Thioredoxin [trx-2] [Pseudomonas putida (strain KT2440)] 109 AA 

align 

Score = 101 bits (251) , Expect = 3e-21 

Identities = 46/93 (49%), Positives = 64/93 (68%), Gaps = 2/93 (2%) 

Query: 7 LTEENFESTIKK- -GVALVDFWAPWCGPCKMLSPVIDELASEYEGKAKICKVNTDEQEEL 64 

+T+ +FE+ + K G LVD+WA WCGPCKM++PV+D++ AS YEGK + K+N DE +E 
Sbjct : 9 VTDASFEADVLKAEGAVLVDYWAEWCGPCKMIAPVLDDIASTYEGKLTVAKLNIDENQET 68 

Query: 65 S AKFGIRS I PTLL FT KDGEWHQLVGVQTKVAL 97 

AK G+R IPTL+ K+G V VG +K L 
Sbjct: 69 PAKHGVRG I PTLMLFKNGNVEATKVGALS KSQL 101 



tr Q83A24 Thioredoxin [trx] [Coxiella burnetii] 112 AA 

align 

Score = 100 bits (250), Expect = 4e-21 

Identities = 47/105 (44%), Positives = 68/105 (64%), Gaps = 2/105 (1%) 

Query: 3 HYIELTEENFESTTKKG- -VALVT)FWAPWCGPCKMLSPVIDELASEYEGKAKICKVNTDE 60 

H ++ENFE+ + + LVDFWA WC PCKM+SPV+4-E+A EY G+ K+ K+N DE 

Sbjct: 4 HVIiTASDENFETEVLQADMPVLTOFWAEWCQPCKMISPWEEIAKEYAGRVKVFKLNVDE 63 

Query: 61 QEELSAKFGIRSIPTLLFTKDGEWHQLVGVQTKVALKEQLNKLL 105 

+ K+G+R IP+LL ++GEW + VG K L L++ L 
Sbjct: 64 NAQTPTKYGVRG IPS LL I FREGE WDRKVGALNKS QLAAFLDE S L 108 



tr Q72HU9 Thioredoxin [TTC1385] [Thermus thermophilus (strain HB27 / 110 
ATCC AA 
BAA-163 / DSM 7039)] align 

Score = 100 bits (250) , Expect = 4e-21 

Identities = 44/106 (41%), Positives =73/106 (68%), Gaps = 1/106 (0%) 
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Query: 1 MSHYIELTEENFESTI -KKGVALVDFWAPWCGPCKMLSPVIDELASEYEGKAKICKVNTD 59 

M+ IE+T++NF+ T+ 4- + LVDFWA WC PC+M++P+++E+A EYEGK + K+ + D 
Sbjct : 1 MAKP I E VTDQNFDETLGQHPLVL VDFWAEWCAPCRM I AP I LEE I AKE YEGKLLVAKLDVD 60 

Query: 60 EQEELSAKFGIRSIPTLLFTKDGEWHQLVGVQTKVALKEQLNKLL 105 

E + + ++ + SIPT++ KDG+ V LVG Q K + ++ K L 
Sbjct: 61 ENPKTAMRYRVMSIPTVILFKDGQPVEVLVGAQPKRNYQAKIEKHL 106 



tr Q8UJA6 Thioredoxin C-l [trxA] [Agrobacterium tumefaciens (strain 106 

C58 / AA 
ATCC 33970)] align 

Score = 100 bits (248) , Expect = 6e-21 

Identities = 46/95 (48%), Positives = 64/95 (66%), Gaps = 2/95 (2%) 

Query: 5 IELTEENFESTI KKGV - - ALVDFWAPWCGPCKMLS PVIDELAS E YEGKAKI CKVNTDEQE 62 

++ + NF+S + + +VDFWA WCGPCKM++P ++E++SE GK K+ K+N DE 

Sbjct: 4 VKVTDAANFQSEVLESAEPVWDFWAEWCGPCKMIAPSLEEISSELAG>WKVAKLNIDENP 63 

Query: 63 ELSAKFGIRSIPTLLFTKDGEVVHQLVGVQTKVAL 97 

EL+A+FG+RSIPTL K GEV VG K AL 
Sbjct: 64 ELAAQFGVRS I PTLAI FKGGE VAD I KVGAAPKTAL 98 



tr Q97P68 Thioredoxin [SP1776] [Streptococcus pneumoniae] 104 AA 

alig n 

Score = 100 bits (248) , Expect = 6e-21 

Identities = 48/99 (48%), Positives = 64/99 (64%), Gaps = 1/99 (1%) 

Query : 7 LTEENFESTIKKGVALVDFWAPWCGPCKMLSPVIDELASEY-EGKAKICKVNTDEQEELS 65 

+T+ FE K G+ LVDFWA WCGPC+M P++D+L+ EE KI K++ DE + 
Sbjct : 5 ITDATFEQETKDGLVLVDFWATWCGPCRMQGPILDKLSEELSEDVLKIVKMDVDENPNTA 64 

Query: 66 AKFGIRSIPTLLFTKDGEWHQLVGVQTKVALKEQLNKL 104 

FGI SIPTLLF KDG+W Q+ GV T +K + +L 
Sbjct: 65 RAFGIMS I PTLLFKKDGQ WKQVAGVHTAEQ I KAI I AEL 103 



tr Q7D2B9 AGR_C_37p [AGR_C_37] [Agrobacterium tumefaciens (strain C58 / 133 
ATCC AA 
33970)] align 

Score = 100 bits (248) , Expect = 6e-21 

Identities = 46/95 (48%), Positives = 64/95 (66%), Gaps = 2/95 (2%) 

Query: 5 IELTEENFESTI KKGV - -ALTOFWAPWCGPCKJVILSPVIDELASEYEGKAKICKVNTDEQE 62 

+ + + NF+S + + +VDFWA WCGPCKM++-P ++E++SE GK K+ K+N DE 

Sbjct: 31 VKVDAANFQSEVLESAEPVVVDFWAEWCGPCKMIAPSLEEISSELAGKVKVAKLNIDENP 90 

Query: 63 ELSAKFGIRS I PTLLFTKDGEWHQLVGVQTKVAL 97 

EL+A+FG+RSIPTL K GEV VG K AL 



http://us.expasy.org/cgi-bin/blast.pl 



9/3/04 



ExPASy BLAST2 Interface 



Page 30 of 35 



Sbjct: 91 ELAAQFGVRS IPTLAIFKGGEVADIKVGAAPKTAL 125 



S P 292JR5 Thioredoxin (TRX) [trxA] [Rickettsia conorii] 105 AA 

THIO_RICCN align 

Score =99.8 bits (247), Expect = 8e-21 

Identities = 46/97 (47%), Positives = 66/97 (67%), Gaps = 6/97 (6%) 

Query: 13 ESTIKKGV ALVDFWAPWCGPCKMLSPVIDELASEYEGKAKICKVNTDEQEELSA 66 

+S + KK V LVDFWA WCGPCKML+P+IDE++ E +GK K+ K+N DE + 

Sbjct: 7 DSSFKKEVLESDLPVLVDFWAEWCGPCKMLTPIIDEISKELQGKVKVLKMNIDENPNTPS 66 

Query: 67 KFGIRSIPTLLFTKDGEWHQLVGVQTKVALKEQLNK 103 

++GIRSIPT++ K+GE +G+Q K +L + +NK 

Sbjct: 67 EYGIRSIPTIMLFKNGEQKDTKIGLQQKNSLLDWINK 103 



tr Q8DNP 9 Thioredoxin reductase (EC 1.6.4.5) [trxA] [Streptococcus 104 
pneumoniae 

(strain ATCC BAA-255 / R6)] alig n 
Score = 99.8 bits (247), Expect = 8e-21 

Identities = 48/99 (48%), Positives = 64/99 (64%), Gaps = 1/99 (1%) 

Query: 7 LTEENFESTIKKGVALVI3FWAPWCGPCKMLSPVIDELASEY-EGKAKICKVNTDEQEELS 65 

+T+ FE K G + LVDFWA WCGPC+M P++D+L+ E E KI K+ + DE + 
Sbjct: 5 ITDATFEQETKDGLVLVDFWATWCGPCRMQGPILDKLSEELSEDVLKIVKMDVDENPNTA 64 

Query: 66 AKFGIRS I PTLLFTKDGE WHQLVGVQTKVALKEQLNKL 104 

FGI SIPTLLF KDG+W Q+ GV T +K + +L 
Sbjct: 65 RAFG IMS I PTLL FKKDGQ WKQ VAGVHT VEQ I KAI I AEL 103 



tr Q7PAB0 Thioredoxin [rsiborf . 717] [Rickettsia sibirica] 105 AA 

align 

Score = 99.8 bits (247), Expect = 8e-21 

Identities = 46/97 (47%), Positives = 66/97 (67%), Gaps = 6/97 (6%) 

Query: 13 ESTIKKGV ALVDFWAPWCGPCKMLSPVIDELASEYEGKAKICKVNTDEQEELSA 66 

+S + KK V LVDFWA WCGPCKML+P+IDE++ E +GK K+ K+N DE + 

Sbjct: 7 DSSFKKEVLESDLPVLVDFWAEWCGPCKMLTPIIDEISKELQGKVKVLKMNIDENPNTPS 66 

Query: 67 KFGIRS I PTLLFTKDGEWHQLVGVQTKVALKEQLNK 103 

++GIRSIPT++ K+GE +G+Q K +L + +MK 

Sbjct: 67 EYGIRSIPTIMLFKNGEQKDTKIGLQQKNSLLDWINK 103 



tr 2?JYY9 Thioredoxin [NMB1366] [Neisseria meningitidis (serogroup B) ] 110 AA 
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align 

Score = 99.4 bits (246), Expect = le-20 
Identities = 39/73 (53%) , Positives = 57/73 (77%) 

Query: 22 LVT)FWAPWCGPCKMLSPVIDELASEYEGKAKICKVNTDEQEELSAKFGIRSIPTLLFTKD 81 

L+DFWAPWCGPCKM++P++D++A+E+EG+ K+ K+N D+ E ++FG+R IPTL+ K+ 
Sbjct: 26 LLDFWAPWCGPCKMIAPILDDIAAEFEGRLKWKINIDDNEATPSRFGVRGIPTLMVFKN 85 

Query: 82 GEWHQLVGVQTK 94 

GEW VG K 
Sbjct: 86 GEWATKVGALAK 98 



tr Q87UQ3 Thioredoxin [trx-2] [Pseudomonas syringae (pv. 109 AA 

tomato) ] align 

Score = 99.4 bits (246), Expect = le-20 

Identities = 46/93 (49%), Positives = 63/93 (67%), Gaps = 2/93 (2%) 

Query : 7 LTEENFESTIKK- -GVALVDFWAPWCGPCKMLSPVIDELASEYEGKAKICKVNTDEQEEL 64 

+T+ + FE + + K G LVD+WA WCGPCKM++PV+ DE+A+ Y GK I K+N DE +E 
Sbjct: 9 VTDASFEADVLKADGAVLVDYWAEWCGPCKMIAPVLDEIATTYAGKLTIAKLNIDENQET 68 

Query: 65 SAKFGIRS I PTLLFTKDGEWHQLVGVQTKVAL 97 

AK G+R IPTL+ K+G V VG +K L 
Sbjct: 69 PAKHG VRG I PTLML FKNGNVE ATKVGALS KS QL 101 



sp P80579 Thioredoxin (TRX) [trxA] [Alicyclobacillus acidocaldarius 105 

THIO_ALIAC (Bacillus AA 

acidocaldarius) ] align 

Score = 99.0 bits (245), Expect = le-20 

Identities = 47/100 (47%), Positives = 65/100 (65%), Gaps = 1/100 (1%) 

Query: 7 LTEENFESTIKKGV-ALVI)FWAPWCGPCKMLSPVIDELASEYEGKAKICKVNTDEQEELS 65 

LT+ NF+ 1+ LVDFWA WCGPC+M++PV++E A + K + K+N DE E + 

Sbjct: 5 LTDANFQQAIQGDKPVLVTDFWAAWCGPCRMMAPVLEEFAEAHADKVTVAKLNVT)ENPETT 64 

Query: 66 AKFGIRS I PTLLFTKDGE WHQLVGVQTKVALKEQLNKLL 105 

++FGI SIPTL+ KG V QL+G Q K L+ QL +L 
Sbjct: 65 SQFGIMSIPTLILFKGGRPVKQLIGYQPKEQLEAQLADVL 104 



tr Q8RAI5 Thiol-disulfide isomerase and thioredoxins [TrxA2] 223 AA 

[Thermoanaerobacter tengcongensis] align 

Score = 99.0 bits (245), Expect = le-20 

Identities = 45/103 (43%), Positives = 70/103 (67%), Gaps = 2/103 (1%) 

Query : 5 IELTEENFESTIKKG- - VALVDFWAPWCGPCKMLS PVIDELASE YEGKAKI CKVNTDEQE 62 

+ +T +N+E + L+DFWA WC PC++++P+I+ELA EYEGK K+ KVN DE++ 
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Sbjct: 4 WITSKNWEEEVWSDVPVLIDFWAEWCMPCRLVAPIIEELAKEYEGKIKVGKVNVDEED 63 

Query: 63 ELS AKFG I RS I PTLLFTKDGE WHQLVGVQTKVALKEQLNKLL 105 

EL+ KF I SIPT+ K+G++V -f-L+G + K + + K L 
Sbjct: 64 ELAMKFRIMSIPTIGLFKNGKMVGKLIGARPKADFVKFIEKYL 106 



Score = 96.7 bits (239), Expect = 7e-20 

Identities = 42/103 (40%), Positives = 69/103 (66%), Gaps = 2/103 (1%) 

Query: 5 IELTEENFESTIKKG- - VALVX)FWAPWCGPCKMLS PVIDELASE YEGKAKI CKVNTDEQE 62 

+-E+T +N+E + L+DFWA WC PC+ +++P+++ELA EY+G+ K+ KVN + 

Sbjct: 119 VEITYDNWEEEVWSDVPVLIDFWAEWCAPCRLVAPIVEELAHEYKGRLKVGKVWDEEQ 178 

Query: 63 ELSAKFG I RSI PTLLFTKDGE WHQLVGVQTKVALKEQLNKLL 105 

EL+ KF I SIPT+ K G++V +++G + K + K L 

Sbjct: 179 ELAMKFRIMS IPTIGLFKKGKMVDKI IGARPKADFVRFIEKHL 221 



tr Q8PFZ2 Thioredoxin [trxA] [Xanthomonas axonopodis (pv. 113 AA 

citri)] align 

Score =99.0 bits (245), Expect = le-20 
Identities = 43/85 (50%), Positives = 59/85 (68%) 

Query: 22 LVDFWAPWCGPCKMLSPVIDELASEYEGKAKICKVNTDEQEELSAKFGIRSIPTLLFTKD 81 

LVDFWA WCGPCKM++PV+D+LA Y+G+ K+ KVN D+ L+ K+ +RSIP LL KD 
Sbjct: 25 LVDFWAE WCGPCKM I APVLDDLADTYQGRLKVABCVNVDQNRALAI KYHVRS I PMLLLFPCD 84 

Query: 82 GEWHQLVGVQTKVALKEQLNKLLG 106 

G+V +G K L -f ++K LG 
Sbjct: 85 GQVQATQIGAVGKGQLTQMIDKTLG 10 9 



tr Q8F4W0 Thioredoxin (TRX) [trxA] [Leptospira interrogans] 119 AA 

align 

Score = 99.0 bits (245), Expect = le-20 
Identities = 41/98 (41%) , Positives = 66/98 (66%) 

Query : 6 ELTEENFE ST I KKGVALVDFWAPWCGPCKMLS PVIDELASE YEGKAKI CKVNTDEQEELS 65 

E+ + NF-fS G+ L+D WA WCGPC+M+ + PVH--f-EL+ E +G KI K+N D+ + 
Sbjct: 2 0 EVNDTNFKSETSGGLVLIDCWAEWCGPCRMVAPVLEELSGELDGLVKIKKLNVDDNQDTA 7 9 

Query: 66 AKFG I RS I PTLLFTKDGE WHQLVGVQTKVALKEQLNK 103 

GI SIPTLL KDG++V +++G K +K + + 
Sbjct: 80 QSLGISSIPTLLLYKDGQLVDKVIGALPKAQIKNFIER 117 



tr Q72QY0 Thioredoxin [trxA] [Leptospira interrogans (serogroup 104 AA 

Icterohaemorrhagiae / serovar Copenhageni) ] align 

Score = 99.0 bits (245), Expect = le-20 



http://us.expasy.org/cgi-bin/blast.pl 



9/3/04 



ExPASy BLAST2 Interface 



Page 33 of 35 



Identities = 41/98 (41%) , Positives = 66/98 (66%) 

Query: 6 ELTEENFESTIKKGVALTOFWAPWCGPCKMLSPVIDELASEYEGKAKICKVNTDEQEELS 65 

E+ + NF+S G-f L+D WA WCGPC+M++PV++EL+ E +G KI K+N D-f n~+ + 
Sbjct : 5 EVNDTNFKSETSGGLVLIDCWAEWCGPCRMVAPVLEELSGELDGLVKIKKLNVDDNQDTA 64 

Query: 66 AKFGIRSIPTLLFTKDGEWHQLVGVQTKVALKEQLNK 103 

GI SIPTLL KDG++V + 4-+G K +K 4- + 
Sbjct: 65 QSLGISSIPTLLLYKDGQLVDKVIGALPKAQIKNFIER 102 



tr Q6ME96 Probable thioredoxin [trxA] [Parachlamydia sp. (strain UWE25) 106 AA 
(subsp. Acanthamoeba sp.)] 

align 

Score = 99.0 bits (245), Expect = le-20 
Identities = 39/88 (44%) , Positives = 67/88 (75%) 

Query : 5 IELTEENFESTIKKGVALVTJFWAPWCGPCKJVILSPVIDELASEYEGKAKICKVNTDEQEEL 64 

+ L + +NF+ TI +GV LVDF+A WCGPC+M++P++++L++ +GKAK+ K++ D + + 
Sbjct : 6 VHLNDDNFQQTISQGVTLVDFYATWCGPCRMIAPIVEQLSTTLQGKAKVAKLDIDQAQST 65 

Query: 65 S AKFG I RS I PTLL FTKDGE WHQL VG VQ 92 

+A I S+PTL+ KDG+ V ++VGV+ 
Sbjct: 66 TADLQITSVPTLIVFKDGKEVKRWGVK 93 



sp Q 9CM4 9 Thioredoxin (TRX) [trxA] [Pasteurella 106 AA 

THIO_PASMU multocida] alig n 

Score = 98.6 bits (244), Expect = 2e-20 
Identities = 41/82 (50%) , Positives = 59/82 (71%) 

Query: 2 2 LVDFWAPWCGPCKMLSPVIDELASEYEGKAKICKVNTDEQEELSAKFGIRSIPTLLFTKD 81 

L+DFWAPWCGPC-fM-f SP++DE+A+E + GK K+ K+N DE + A-f G+RSIPTL+ K+ 
Sbjct: 23 LLDFWAPWCGPCRMISPILDEIAAEFSGKVKWKINIDENQATPAQLGVRSIPTLVLFKN 82 

Query: 82 GEWHQLVGVQTKVALKEQLNK 103 

G+ V VG K L. +N+ 
Sbjct: 83 GKAVATQVGALPKNQLANFINQ 104 



sp Q7M1B9 Thioredoxin (TRX) [trxA] [Chlorof lexus 109 AA 

THIO_CHLAU aurantiacus] align 



Score = 98.6 bits (244), Expect = 2e-20 

Identities = 42/103 (40%), Positives = 70/103 (67%), Gaps = 2/103 (1%) 

Query: 5 IELTEENFESTI - - KKGVAL TOFWAPWCGPCKMLSPVIDELASEYEGKAKICKVNTDEQE 62 

IE+ + +F + K +VDFWAPWCGPC++++P++D+LA EY G+ I KVNTD+ 
Sbjct: 4 lEVHDSDFAEKVLQSKTPvWDFWAPWCGPCRVIAPILDKLAGEYAGRLTIAKVNTDDNV 63 

Query: 63 ELSAKFGIRSIPTLLFTKDGEWHQLVGVQTKVALKEQLNKLL 105 
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+ +++ G++ + PTL + KDG V +LVG + + +E + K+L 
Sbjct: 64 QYASQLGLKGLPTLVIFKDGREVGRLVGARPEAMYREIFDKVL 106 



tr Q8ZMX4 Thioredoxin 2, redox factor [trxC] [Salmonella typhimurium] 13 9 AA 

align 

Score = 98.6 bits (244), Expect = 2e-20 

Identities = 46/102 (45%), Positives = 64/102 (62%), Gaps = 1/102 (0%) 

Query: 5 I ELTEENFEST I KKGVAL V - DFWAPWCGPCKMLS PVIDELASE YEGKAKI CKVNTDEQEE 63 

I T E + +K + +V DFWAPWCGPC+ +P+ +++A E GK + KV7STT+ + E 
Sbjct: 3 8 INATGETLDKLLKDDLPWIDFWAPWCGPCRNFAPIFEDVAEERSGKVRFVKVNTEAERE 97 

Query: 64 LSAKFGIRSIPTLLFTKDGEWHQLVGVQTKVALKEQLNKLL 105 

LSA-f FGIRSIPT+ + K G+W L G K LN+ L 

Sbjct: 98 L S AR FG IRSIPTIMIF KHGQ WDMLNGAVP KAP FD S WLNE AL 139 



tr Q9JTY5 Thioredoxin I [trxA] [Neisseria meningitidis (serogroup A)] 110 AA 

align 

Score = 98.6 bits (244), Expect = 2e-20 

Identities = 41/85 (48%), Positives = 61/85 (71%), Gaps = 2/85 (2%) 

Query: 12 FESTIKKG- -VALVDFWAPWCGPCKMLSPVIDELASEYEGKAKICKVNTDEQEELSAKFG 69 

FE + K L+DFWAPWCGPCKM++P++D++A+E+EG+ K+ K+N D+ E ++FG 

Sbjct: 14 FEQDVLKSDLPVLLDFWAPWCGPCKMIAPILDDIAAEFEGRLKWKINIDDNEATPSRFG 73 

Query: 70 IRS IPTLLFTKDGEWHQLVGVQTK 94 

+R IPTL+ K+G+W VG K 
Sbjct: 74 VRGI PTLMVFKNGDWATKVGALAK 98 



tr Q8NL5 8 Thiol -disulfide isomerase and thioredoxins [Cgl3091] 124 AA 

[Corynebacterium glutamicum (Brevibacterium f lavum) ] align 

Score = 98.6 bits (244), Expect = 2e-20 

Identities = 48/107 (44%), Positives = 69/107 (63%), Gaps = 2/107 (1%) 

Query: 1 MSHYIELTEENFESTI - - KKGVAL VDFWAPWCGPCKMLS PVIDELASE YEGKAKI CKVNT 5 8 

MS+ + F+ST+ +VDFWA WCGPCK LSP-fl+E+A EY KA + V+ 

Sbjct: 18 MSNWAVTEQTFKSTVIDSDKPVI VDFWAE WCGPCKKLS P 1 1 EE I AGEYGDKAWAS VDV 77 

Query: 59 DEQEELSAKFGIRSIPTLLFTKDGEWHQLVGVQTKVALKEQLNKLL 105 

D + L A F I SIP++L K+G V + VG++ K + E+L K L 
Sbjct: 78 DAERTLGAMFQIMSIPSVLIFKNGAKVEEFVGLRPKNEIVEKLEKHL 124 



Database: EXPASY/UniProt 

Posted date: Aug 29, 2004 10:26 AM 
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Number of letters in database: 494,584,931 
Number of sequences in database: 1,544,870 

Lambda K H 

0.316 0.135 0.395 

Gapped 

Lambda K H 

0.267 0.0410 0.140 



Matrix: BLOSUM62 

Gap Penalties: Existence: 11, Extension: 1 

length of query: 106 

length of database: 494,584,931 

effective HSP length: 82 

effective length of query: 24 

effective length of database: 367,905,591 

effective search space: 8829734184 

effective search space used: 8829734184 

T: 11 
A: 40 

XI: 16 ( 7.3 bits) 

X2: 38 (14.6 bits) 

X3: 64 (24.7 bits) 

SI: 41 (21.6 bits) 

S2: 66 (30.0 bits) 
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1 


ExPASv Home page 


Site Map | 


Search ExPASy Contact us Swiss-Prot | 




Hosted bv NCSC US 


Mirror sites: 


Australia 


Bolivia 


Canada 


China 


Korea 


Switzerland 


Taiwan 




Search | Swiss-Prot/TrEMBL [ V | for |thioredoxin helicobacterj 


Go 


| Clear 





Search in Swiss-Prot and TrEMBL for: 
thioredoxin helicobacter 

Swiss-Prot Release 44.4 of 31-Aug-2004 
TrEMBL Release 27.4 of 31-Aug-2004 



• Number of sequences found in Swiss-Prot^ and T r E MBL^ : 10 

• Note that the selected sequences can be saved to a file to be later retrieved; to do so, go to the 
bottom of this page. 

• For more directed searches, you can use the Sequence Retrieval System SRS. 



Search in Swiss-Prot: There are matches to 3 out of 158010 entries 

THIO HELPY (P56430) 

Thioredoxin (TRX). {GENE: Name=trxA; OrderedLocusNames=HP0824, JHP0763} - 

Helicobacter pylori (Campylobacter pylori), Helicobacter pylori J99 (Campylobacter pylori J99) 
TRXB HELPJ (Q9ZL18) 

Thioredoxin reductase (EC 1.8.1.9) (TRXR). {GENE: Name=trxB; 

OrderedLocusNames=JHP0764} - Helicobacter pylori J99 (Campylobacter pylori J99) 
TRXB HELPY rP56431) 

Thioredoxin reductase (EC 1.8.1.9) (TRXR). {GENE: Name=trxB; 

OrderedLocusNames=HP0825} - Helicobacter pylori (Campylobacter pylori) 



Search in TrEMBL: There are matches to 7 out of 1377572 entries 

025779 

Thioredoxin reductase (TrxB) {GENE:OrderedLocusNames=HPl 164} - Helicobacter pylori 
(Campylobacter pylori) 
025996 

Thioredoxin {GENE:OrderedLocusNames=HP1458} - Helicobacter pylori (Campylobacter 
pylori) 
OJVH07 

Thioredoxin {GENE:Name=trxA_l ; OrderedLocusNames=HHl 160} - Helicobacter hepaticus 
Q7VIW8 

Thioredoxin reductase TrxB (EC 1.6.4.5) {GENE:Name=trxB_l ; OrderedLocusNames=HH0486} 
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- Helicobacter hepaticus 
Q7VK37 

Thioredoxin {GENE:Name=trxA_2; OrderedLocusNames=HH0055} - Helicobacter hepaticu: 
09ZJG1 

Putative THIOREDOXIN {GENE:OrderedLocusNames=JHP1351} - Helicobacter pylori J99 
(Campylobacter pylori J99) 
Q9ZK51 

Putative THIOREDOXIN REDUCTASE { GENE :Name=trxB_2 ; 
OrderedLocusNames=JHP1091} - Helicobacter pylori J99 (Campylobacter pylori J99) 




in Swiss-Prot/TrEMBL by AC, ID, description, 
gene name, organism 

Please do NOT use any boolean operators (and, 
or, etc.) 



If you would like to retrieve all the Swiss-Prot/TrEMBL entries contained in this list , you can enter a 
file name. These entries will then be saved to a file under this name in the directory outgoing of the 
ExPASv anonymous ftp server, from where you can download it. (Please note that this temporary file 
will only be kept for 1 week.) 



File name: 



Format: ® Swiss-Prot O Fasta 



j Reset | or ; Create file ] 



L 


ill ExPASy Home page j Site Map 


Search ExPASv 


Contact us Swiss-Prot f 




Hosted bv NCSC US 


Mirror sites: 


Australia 


Bolivia 


Canada 


China 


Korea 


Switzerland 


Taiwan 
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bet [Nuicleotide sequences Ipgl for |~ 

u r o pe a n Bio i n f o rrn a t Tc s I n s ti t y te 



BL-EBI 



Go J? Site search I 



... EBI Home About EBI Research _, Sendees Toolbox 

InterPro 



Databases 



Search: f 



IjSearch Entries Ty] 




InterPro home Text Search S |^ c e Databases Documentation FTP site Protein of the 



month 



Search InterPro 



InterPro Thioredoxin-related 

IPR006662 Matches: 1659 proteins. View 
matches: 



Thiored 



f?1 = help 

Please be aware that match views for entries matching more than 1000 proteins 

may be slow. 



Overview: sorted by AC . 
Detailed: sorted by AC . 
Table: For all matching proteins , of known structure 
Architectures 

Name [?] Thioredoxin-related 



sorted by name , of known structure , grouped b y taxonomy 
sorted by name , of known structure 



Signatures 

m 



Type[?] 
Dates [?] 

Secondary 
no. [?] 

Contains 

m 

Found in 

l?J 



PF0Q085 :Thioredoxin (1011 proteins) 
PRQ0421;THIOREDOXIN (1487 proteins) 
PS00194 ;THIOREDOXIN (1028 proteins) 

Domain 

2002-11-12 09:34:22.0 (created) 
2002-11-12 09:34:22.0 (modified) 

IPR000063 

IPR011594 : Thioredoxin-like 



Children 

[?] 
ftree] 

Parent [?] 

[tree] 

Process 

[?1 

Function 

[?] 

Abstract 

m 



IPR001853 : DSBA oxidoreductase 

JPR004799; Periplasmic protein thiohdisulfide oxidoreductase DsbE 
IPR005746 : Thioredoxin 

IPRQ10357 ; Eukaryotic protein of unknown function DUF953 
IPR005788 : Disulphide isomerase 

IPR006663 : Thioredoxin domain 2 
electron transport ( GO:0006118 ) 
electron transporter activity ( GO:QQ05489 ) 



Thioredoxins [1, 2, 3, 4] are small disulphide-containing redox proteins that have been found in all 
the kingdoms of living organisms. Thioredoxin serves as a general protein disulphide 
oxidoreductase. It interacts with a broad range of proteins by a redox mechanism based on 
reversible oxidation of 2 cysteine thiol groups to a disulphide, accompanied by the transfer of 2 
electrons and 2 protons. The net result is the covalent interconversion of a disulphide and a dithiol 
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TR-S 2 + NADPH + H + -> TR-(SH) 2 + NADP+ (1) 



trx-S 2 + TR-(SH) 2 -> trx-(SH) 2 + TR-S 2 (2) 



Protein-S 2 + trx-(SH) 2 -> Protein-(SH) 2 + trx-S 2 (3) 



In the NADPH-dependent protein disulphide reduction, thioredoxin reductase (TR) catalyses 
reduction of oxidised thioredoxin (trx) by NADPH using FAD and its redox-active disulphide (steps 1 
and 2). Reduced thioredoxin then directly reduces the disulphide in the substrate protein (step 3) 
[!]. Protein disulphide isomerase (PDI), a resident foldase of the endoplasmic recticulum, is a multi- 
functional protein that catalyses the formation and isomerisation of disulphide bonds during protein 
folding [5, 6]. PDI contains 2 redox active domains, near the N- and C-termini, that are similar to 
thioredoxin: both contribute to disulphide isomerase activity, but are functionally non-equivalent [6]. 
Interestingly, a mutant PDI, with all 4 of the active cysteines replaced by serine, displays a low but 
detectable level of disulphide isomerase activity [6]. Moreover, PDI exhibits chaperone-like activity 
towards proteins that contain no disulphide bonds, i.e. behaving independently of its disulphide 
isomerase activity [7]. A number of endoplasmic reticulum proteins that differ from the PDI major 
isozyme contain 2 (ERp60, ERp5) or 3 (ERp72 [8]) thioredoxin domains; all of them seem to be 
PDIs. 3D-structures have been determined for a number of thioredoxins [9]. The molecule has a 
doubly-wound alternating alpha/beta fold, consisting of a 5-stranded parallel beta-sheet core, 
enclosed by 4 alpha-helices. The active site disulphide is located at the N-terminus of helix 2 in a 
short segment that is separated from the rest of the helix by a kink caused by a conserved proline. 
The 4-membered disulphide ring is located on the surface of the protein. A flat hydrophobic surface 
lies adjacent to the disulphide, which presumably facilitates interaction with other proteins. 



One invariant feature of all thioredoxins is a cis-proline located in a loop preceding beta-strand 4. 
This residue is positioned in van der Waals contact with the active site cysteines and is important 
both for stability and function [9]. Thioredoxin belongs to a structural family that includes 
glutaredoxin, glutathione peroxidase, bacterial protein disulphide isomerase DsbA, and the N- 
terminal domain of glutathione transferase [4]. Thioredoxins have a beta-alpha unit preceding the 
motif common to all these proteins. 

Structural PDB 1dby , 1ep7 . 1ep8 , 1f6m , 1f9m , 1faa . 1fb0 , 1fb6 , 1gh2 , 1gl8 , 1keb . 1mek , 1quw , Isql, 1t7p , 
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IPR005788 Disulphide isomerase 



1PR006663 Thioredoxin domain 2 



IPR011027 Endoplasmic reticulum protein ERP29, C-terminal SS 
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